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ABSTRACT 
There is a great deal of current interest in the field of molecular 
recognition. This work is an investigation of the mechanism of chiral molecular 
recognition as exhibited by the two related alkaloids strychnine and brucine. 
This is done by the analysis of 14 high resolution single crystal diffraction 
studies of alkaloid salts. The particular targets of the work are the elucidation 
of the mechanism of enantiorner selection during the resolution of racemic 
acids by salt formation, and an understanding of the interactions most likely 
between these poisonous alkaloids and receptor proteins in the central nervous 
system. Previous work in this area is discussed in Chapter 1. 
Chapter 2 is a description of the experimental techniques used during the 
production of crystals for the study, and the techniques used in crystal 
structure determination. 
In Chapter 3 the salts formed by both alkaloids with (+) and (-) tartaric acid 
are described; they serve to illustrate the basic packing types seen in the salts 
of these alkaloids. The sulphate salt of brucine, also described, shows the 
relationship between the two packing types exhibited by the brucine salts of 
tartaric acid. 
The structures of the strychnine salts of N-CBZ-valine, N-CBZ-methionine, 
and N-benzoyl-Ieucine are described in Chapter 4, and a mechanism for 
resolution of a small subset of the amino acids with strychnine is suggested. 
The remaining six structures are all brucine salts of N protected amino 
acids and show variations that occur in the brucine packing. The salts of 
N-acetyl-D-phenylalanine and N-CBZ-L-aspartic acid have a brucine packing 
mode which is a small modification of a type previously identified, and these 
structures are described in Chapter 5. Chapter 5 describes the structures of the 
vi 
brucine salts of N-acetyl-L--tryptophan and N-CBZ-L-Glutamic acid which show 
how amino acids fit into a packing type described in Chapter 3. The final 
structural chapter describes the structures of two brucine salts, 
N-CBZ-L-phenylalanine and N-CBZ-L--alanyl-L-alanine, which exhibit packing 
less dominated by the alkaloid, and which may be more representative of a 
biological interaction. This chapter also details a fifteenth salt, that of brucinium 
N-CBZ-L-valine, which is very disordered. 
In Chapter 8, three computer based methods of structure analysis are 
discussed and are applied to the structures described in the thesis, in an 
attempt to gain an understanding of the features common to all the structures. 
vi' 
In each of the Chapters where crystal structures are described, the tables of 
geometrical parameters for that structure can be found at the end of the 
chapter. Tables of atomic positions and thermal parameters may be found in 
Appendix II. Structure factor tables are not presented but may be obtained from 
the author on request. 
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This thesis deals with the crystal structures of the salts of the two alkaloids 
Strychnine(l) and Brucine(ll). 
X=H 
XOMe 
The study has importance in two areas of current interest, the problem of 
asymmetric synthesis in organic chemistry, and the molecular nature of 
biological recognition. The exact relevance of the work to these themes is' 
described below: 
i) An increased understanding of the resolution process as mediated by 
these two alkaloids. 	The problem of separating the two enantiomers of a chiral 
substance is 	caused 	by the 	fact 	that 	they have 	identical 	melting points 
solubilities etc. Thus the separation methods normally used by the chemist are 
ineffective. Pasteur 1  first used the technique of salt formation with an optically 
active base to resolve racemic tartaric acid. His optically active bases were 
derived from the naturally occuring alkaloids found in cinchona bark.. A large 
part of the utility of resolution by diastereomeric salt formation rests on the 
fact that optically active bases are easily available from plants. Resolution of 
amino acids is one of the largest subgroups of resolutions carried out, and the 
classic method for this was first shown by Fischer 2 who used brucine and 
strychnine to separate the enantiomers of N-benzoyl-alanine. His report also 
contains the observation that the least soluble salts formed by strychnine and 
brucine do not contain the same enantiomer of amino acid despite the 
chemical similarity of the two alkaloids. Since that time brucine and to a 
lesser extent strychnine, have been used extensively in the resolution of 
racemic acids and particularly amino acids. In a survey of ca 106 different 
amino acids 3, brucine had been used to resolve an N protected derivative of 16, 
more than any other alkaloid. In light of this fact it is perhaps suprising that 
so few attempts have be made to find a structural explanation for this utility, 
with only three previous high resolution structures of alkaloid amino acid 
adducts reported 4 ' 5' 6, and only occasional detailed investigations of 
diastereoisomeric systems 7 ' 8 ' 9. There is still no method to predict which hand 
of an amino acid will form the least soluble salt and crystallise from a solution 
first, indeed there are few rules that predict if a resolution will take place at all. 
One of the earliest attempts to formulate such a rule was that of Winther 0 , 
who stated that in a given series of structurally related compounds, 
enantiomers of the same hand will always form the least (or more) soluble salt 
with any resolving agent. This implies that if a series of related compounds 
crystallise with a particular resolving agent then they are of the same .  hand. 
The usefulness of this rule rests on the definition of a "structurally related 
series of compounds". Collet and Jacques 11 refined this rule and narrowed its 
scope by showing that in a series of 10 substituted phenylhydracrylic acids 
the less soluble brucine salts. have the same absolute configurations in 9 cases, 
and that similarly 8 out of 10 substituted mandelic acids of the same 
configuration form least soluble salts with ephedrine 2. This can be 
understood if one imagines that such similar salts would form isomorphous (or 
very nearly so ) crystals, and as such the differences between crystal . packing 
2 
forces in each pair of diasteroisomers would be similar for each compound and 
thus the differences in solubilities. As can be seen for the brucine 
phenyihydracrylates, the rule is not totally reliable, even for such a closely 
related series of compounds, and must be regarded as useless for any series 
of compounds as structurally variable as the amino acids. Indeed there are 
cases where the order of solubility changes from one solvent to another. An 
example is ct-phenyladipic acid 13 resolved by strychnine or brucine, where the 
least soluble diastereoisomer changes on going from aqueous ethanol to 
anhydrous methanol as resolution solvent. This change in solubility reflects the 
important part solvent molecules can play in stabilising a crystal lattice. 
It would appear that any truly comprehensive rule for the prediction of 
solubility differences (or even order) must await a total understanding of the 
forces which govern crystal packing and an effective and reliable method of 
calculating those forces and the packing they produce. Such an undertaking 
would require a computer program that could simulate exactly the forces felt 
between molecules, and then could find the minimum energy molecular and 
packing conformation for an assembly of molecules. While the first of these 
calculations may be crudely performed at present, there appears no method on 
the horizon for the second, as the problem of finding the global minimum 
energy conformation of a single molecule has yet to be solved for the general 
case. Such a computer program is beyond the scope of this thesis and instead 
a series of similar crystal structures formed with the same resolving agent is 
examined in the hope that a common structural feature can be found, and 
correlated to the resolution behaviour of that resolving agent. Other than the 
amino acid salts mentioned above, relatively few other crystal structures 
containing these alkaloids have been reported 13 ' 145' 16, these being mainly 
mineral acid salts and alcohol inclusion compounds. These compounds exhibit 
3 
layer formation, suggesting that the mode of resolution might be by some 
method of inclusion in a extended multiple alkaloid structure, rather than the 
specific three centre binding seen in some compounds 1819. The observation 
that enantiomeric enrichment of CHBrCIF can be effected by inclusion in 
brucine 20  suggests also that the method of resolution involves some type of 
chiral cavity, which could only be formed by an assemblage of the alkaloid. 
Many structures are known in which a small molecule is formed into a large 
rigid array with sufficient space remaining in the lattice for inclusion, but many 
of these depend on the presence of many hydrogen bonding sites on the small 
molecule to bind the array together. Examples of this type are trimesic acid 21 







Such extended hydrogen bonding arrays would not seen 
for the formation of poly alkaloid structures. 
ii. Gaining information on the biological interactions of these alkaloids. That 
is, to gain some insight into the molecular interactions which occur when 
strychnine or brucine binds at a receptor protein. The concept of a biological 
receptor for specific molecules is not new 24 , with Fischer 25 giving the still 
useful concept that the enzyme and its substrate could be imagined as a lock 
and its key. It has become obvious that most biological processes are mediated 
4 
by large proteins, and that many of these processes are controlled by relatively 
simple small molecules which specifically interact with these proteins. 
Understanding how these interactions occur and what conformational changes 
they provoke has become a major research field. One of the most detailed 
techniques is the high resolution crystal structure determination of the receptor 
small molecule complex, as seen in the studies of haemoglobin and anti sickle 
cell drugs 26,  or the studies on liganded L-arabinose binding protein 27 . 
Strychnine's biological effects are well known 28, and it has been used in 
very small doses as a medical tonic. In larger doses it is fatal, and the usual 
cause of death is exhaustion, or respiratory collapse after several painful 
periods of intense muscular contraction. These effects are thought to be 
caused by strychnine's ability to disinhibit neurotransmission in the spinal cord, 
and this in turn is caused at receptor level by interference with a glycine 
receptor protein 29. Glycine is an inhibitory neurotransmitter 
56,57,58; that is, when 
bound to its receptor glycine will prevent neuron action. Strychnine is a classic 
antagonist 30 in that it also binds to the glycine receptor protein, but fails to 
prevent neuron action, and the competitive affinities of glycine and strychnine 
have been demonstrated in preparations of rat spinal cord 31. Relatively little is 
known of the structure of the receptor protein, and it seems unlikely that the 
ideal of crystal structure determinations of the receptor-substrate complexes 
as described above will appear in the near future. To determine some 
information on the interactions between the alkaloid and protein an alternative 
is the determination of several small molecule complexes of the alkaloid and 
amino acids. While the information gained from one structure may be 
influenced by packing forces specific to it, any interaction which appears 
repeatedly in many different structures may have more relevance to the 
receptor-alkaloid interaction. Thus, an attempt is made to use any assembly of 
amino acid molecules that may appear in the crystal structures as a model 
receptor. Attempts have-been made at such model systems before 32, but they 
often use synthetic compounds to create the model receptor. It should be 
noted that this model may not give any information about the glycine receptor 
interaction as experiments have shown that both amino and acid groups are 
necessary for glycine's action and that they cannot be separated by more than 
two carbon spacers, and that addition of a bulky substituent lessens glycine's 
activity 33 . Given these facts, it is debateable that the strychnine moiety binds 
to the. same site as the glycine, with a possiblity being that strychnine binds to 
a second site that is linked to the glycine one, and either disables glycine 
binding or the activity caused by binding. 
It is also useful to note which sections of the strychnine moiety are 
necessary for its action, and this may be done by examining the activity of 
some strychnine analogues 34. It has already been stated that brucine is slightly 
less active than strychnine, and in general it seems to be the case that 
substitution at the aromatic ring only slightly depresses strychnine activity. 
Substitution, and even ring opening, at the seven membered oxygen containing 
ring seems only marginally to affect the activity, but conversely ring opening at 
the amide containing ring decreases activity considerably. In all the analogues, 
there is no correlation between the lipophilicity of each and its activity, 
implying that strychnine binds as a protonated base. 
In both these objectives the method of analysis must be to find and 
quantify the weak intermolecular interactions which control crystal formation, 
as these weak hydrogen bonding and van der Waals interactions will be the 
same forces which dictate formation, in the first case, of the least soluble 
diastereoisomeric salt, and the receptor alkaloid complex in the second case. 
Of the two the hydrogen bond is the stronger, with energies in the range 3 to 
7 Kcal moi 1  compared with a van der Waals interaction for two neon atoms 
of about 0.08 Kcal moi1 36  becoming slightly greater for more polarizable 
atoms. 
This leads onto the third, and slightly more subsidiary, aim of the project, 
which was to find better ways of visualising and describing these weaker 
intermolecular forces. The stronger hydrogen bonding interactions have been 
investigated more deeply than the van der Waals interactions, and the optimum 
geometries of several types of hydrogen bonds have been described. Hydrogen 
bonds are usualily few in number, in any one structure, and their contribution 
to the stability of the structure is easily assessed. The weaker non-hydrogen, 
bond interactions are far more numerous, and their contribution to the stability 
of the structure is more difficult to measure. Also, in a series of many 
structures, as presented in this thesis, it may be difficult to ascertain which 
weak van der Waals interactions occur repeatedly in each structure. In the final 
chapter of this thesis several computer based methods are described which 





This chapter deals with the experimental methods used in the project, and 
is divided into two sections: the first is a description of the various 
crystallisation techniques used and an account of the crystallisations 
attempted; the second is a general discussion of the different methods used to 
solve and refine the crystal structures that make up the main body of this 
thesis. 
2.1. Crystal Preparation 
The crystals used in this study were prepared by relatively simple 
cocrystallisation experiments. The first experiments were carried out with a 
single crystallisation attempt per binary mixture in the following manner: 0.2 g 
lots of alkaloid are mixed with the appropriate amount of amino acid to 
produce a 1:1 molar mixture. The two components are then finely ground 
together to encourage more rapid solution. Water and water/ethanol mixtures 
have proved to be the most popular solvents in resolution experinents 37, so 
these solvents are tried first. The mixture is then dissolved in the minimum 
amount of boiling solvent in a 2m1 sample tube, and in several experiments 
there was a rapid precipitation of a large amount of material. This is usually a 
positive indication of salt formation. In general no problems were encountered 
in dissolving the mixtures, although brucine and strychnine are not very soluble 
in water or water/ethanol mixtures and occasionally a very small amount of 
alkaloid would be left undissolved. The solution is then allowed to cool to 
room temperature, and, if no precipitation is observed, left for 2-3 days to 
allow crystallisation to take place. If crystal formation is still not observed then 
the top of the tube is removed and room temprature evaporation allowed to 
take place. The following mixtures were processed in this manner:- 
Mixture Solvent Result 
Brucine 	+ Water Instantaneous 	microcryst. 
N-Acetyl-L-cysteine ppt. 
Brucine + Water Clear yellow soln. 
N-Acetyl-L-Methionine 
Brucine + 96% EtOH microcryst. ppt. 
N-Acetyl-L-Cysteine 
Strychnine Nitrate 96% EtOH Large crystals 
N-Acetyl-L-methionine (Strychnine Nitrate) 
Brucine + 96% EtOH Large clumps of Crystals. 
N-Acetyl-L-Tryptopha n 
Brucine + 96% EtOH Clear colourless soiri 
N-Acetyl-L-Phenylalanine which gave a syrup on 
evapn. 
Brucine + 96% EtOH As N-Acetyl-Phenylalanine 
N-Acetyl-L-Tyrosine above. 
Brucine + 96% EtOH Clear soin gave few 
N-Acetyl--L-Leucine crystals under syrup on 
evapn. 
Brucine + 96% EtOH Large microcystalline 
N-Acetyl-L-Glutamic acid aggregates. 
Brucine + 96% EtOH microcryst. ppt. 
N-Formyl-L-Tyrosine 
crystallisations of the similar formyl derivates of D and L methionine 38 and of 
D-leucine 39 are reported, but in both cases dry ethanol was the solvent. The 
procedure yielded only one crystal suitable for data collection, this being the 
N-acetyl-L-tryptophan salt. Extensive experiments were carried out with the 
N-Acetyl-L-Cysteine mixture,. using a large range of ethanol/water, 
acetone/water and ethyl acetate/ethanol mixtures as solvents. Attempts were 
also made to slow the speed of crystallisation by increasing the dilution of the 
mixture, and slowing the rate of cooling using a thermostated heating block, 
but these experiments were unsuccessful, and in all cases very fine crystalline 
threads - were formed. This problem of insufficient development of one or two 
crystal dimensions was encountered in several attempted crystal lisations, and it 
seems probable that this is due to particularly strong hydrogen bond formation 
in two or one directions, respectively. The other poorly developed dimension(s) 
rely on weaker dispersive forces to add material to the crystal. Attempts were 
made to counteract this tendancy by adding small amounts of dopants 40 e.g. 
diols, to interrupt hydrogen bond formation, but these experiments were also 
unsuccesful. Similar slow cooling experiments with the N-Formyl-L-Tyrosine 
salt also failed, although a resolution with brucine is reported 
41  which gave the 
D-tyrosine salt. The microcrystalline aggregates obtained from the 
N-Acetyl-L-Glutamic acid experiment were assumed to be recrystallised 
glutamic acid, and further experiments on this mixture were not performed. 
The major problem encountered at this early stage in the project was the 
identifcation of samples as salts. Often, crystals appearing from samples could 
not be adequately identified as either recrystallised starting material or a salt. 
Precipitation of a very large amount of material was indicative of salt 
formation, while formation of a few isolated• crystals was usually thought to 
indicate the recrystallisation of starting material. This is clearly not a very 
satisfactory method of salt identification. 
Infrared spectroscopy from nujol mulls of the crystals tended to give 
inconclusive results as the spectrum produced by each of the components is 
complicated and could not be conclusively identified in the spectrum of the 
mixture. The usual method of identification was to determine the unit cell 
using oscillation and Weissenberg photographs, and then calculate the density 
of the crystal on the basis of a projected formula. If the calculated density was 
reasonable, further investigation of the crystal and a crystal structure 
determination were undertaken. This procedure is unsatisfactory as it requires 
the production of diffraction quality crystals very early on in the investigation 
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of each system. The operation, of mounting, aligning, and then photographing 
these crystals is very time consuming, and as it was also felt that initial 
crystallisation attempts from several solvents/solvent mixtures might produce 
more crystals for study, the procedure used for crystal preparation and 
identification was changed as follows. 
0.5g lots of the alkaloid (brucine or strychnine) are weighed out. To these 
the correct amount of amino acid to form a 1:1 molar mixture is added. The 
two components are ground together well to ensure an even dispersion of 
each component. Small amounts of the mixture (ca. O.lg) are then mixed with 
0.25m1 of solvent in a 2ml vial. This was then brought to boiling point and 
more solvent added until all the solid dissolves. The vial is then allowed to 
cool to room temprature. If after 2-3 days no crystallisation has taken place, 
the top of the vial is removed to allow slow evaporation. The following 
mixture/solvent combinations were treated in this way. 
The following mixtures were with brucine. 
Amino Acid 	 solvent 	 Result 
N-CBZ-L--Leucine 	 96% EtOH 	Clear soin giving 
white ppt on evapn. 
95% Acetone 	Clear soln giving 
white ppt on evapn. 
EtOH 	 Clear glass. 
N-Pentanol 	Initially clear soln 
giving microcryst. 
mass on evapn. 
N-CBZ-L-Methionine 	 96% EtOH 	Clear soln giving 
clear cracked glass 
on evapn. 
95% Acetone 	Pale yellow soin 
giving yellow cracked 
glass on evapn. 
EtOH 	 Clear viscous soln 
11 
giving glass on evapn. 
Clear soln giving 
opaque solid on evapn. 
Clear soin giving 
clear cracked glass on 
evapn. 
Pale yellow soln 




Crystals under viscous 
soin. 
Pale yellow soln 
giving yellow glass on 
eva p n. 
Clear viscous soin 
giving white ppt on 
evapn. 
Clear soln giving 
white ppt on evapn. 
Clear soin giving 
clear cracked glass on 
evapn. 
microcryst. ppt. 
Clear soln giving 
cracked clear glass on 
evapn. 
Pale yellow sam 
giving yellow cracked 
glass on evapn. 
White ppt. 
White puffy ppt. 
Crystals under clear 
soln. 
Pale yellow soin 
giving yellow cracked 
glass on evapn. 
N-Pentanol 














N-CBZ--L-Aspartic acid 	 96% EtOH 
95% Acetone 
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EtOH Yellow oil under clear 
soln. 
N-Pentanol Amorphous ppt under 
clear soln 
N-Benzoyl-L- 96% EtOH Clear soin giving 
Phenylalanine clear cracked glass on 
evapn. 
95% Acetone pale yellow soln 
giving yellow cracked 
glass on evapn. 
EtOH Clear glass. 
N-Pentanol Yellow soln. 
N-Benzoyl-L- 96% EtOH Clear soln giving 
Alanine white ppt on evapn 
95% Acetone Pale yellow soln 
giving yellow ppt on 
evapn. 
EtOH Clear glass. 
N-Pentanol microcryst. ppt. 
N-CBZ-L-Tyrosine 96% EtOH microcryst. 
aggregate. 
95% Acetone Pale yellow soln 
giving an amorphous 
ppt. on evapn. 
N-CBZ-L-Glutamic Acid 96% EtOH Clear soln giving 
a clear glass 
on evapn. 
N-CBZ-L-Phenylalanine 96% EtOH Crystals. 




N-CBZ-L-Tryptophan 96% EtOH Clear soln giving 
cracked glass on 
evapn. 
The brucine series of experiments yielded four crystals from which data were 
13 
collected. These were. salts of N-CBZ-L-Valine, N-CBZ-L-Glutamic Acid, 
N-CBZ-L-Aspartic acid, and N-CBZ-L-Phenylalanine. The benzoyl-L-tyrosine 
salt with brucine is reported 74 , indicating that the microcrystalline precipitate 
formed by the similar CBZ-L-tyrosine mixture may be a salt, however, crystals 
could not be grown to a reasonable size. Proton nuclear magnetic resonance 
was used to confirm the identity of these salts. In each case where the results oE 
a small scale crystallisation looked promising, a larger batch of crystals is 
prepared by repeating the experiment on a larger scale and then seeding the 
solution with a crystal from the screening experiment. Large samples are 
required as the spectra are recorded on an Varian EM-360 60 MHz continuous 
wave spectrometer. The crystals formed in the large scale experiment are then 
filtered oft under suction washed with ethanol, then allowed to air dry. The 
crystals are given a quick visual inspection to ensure they were uniform in 
external morphology, and then redissolved in 0.5 ml of NMR solvent. (usually 
CDCI 3, or if that proved difficult the CDCI 3 was allowed to evaporate and the 
crystals redissolved in D 20 ). The spectra were recorded between 0 and 10 6 
(TMS at 06), with a sweep time of 5 minutes. The spectra were often noisy 
due to insufficient amounts of sample and in some cases it was necessary to 
obtain a better spectrum using an Brucker 80 MHz Fourier transform 
spectometer. No attempt was made to assign every peak in the spectrum 
(Complete assignments for proton spectra have been reported for both 
strychnine 42  and brucine 43), as all that was required was confirmation that the 
crystals contained both components. In the. brucine compounds the most useful 
peaks were those from the methoxy hydrogens. These do not couple to any 
protons in the rest of the molecule and give a pair of strong singlets at 3.8 and 
3.9 6. The N-CBZ. and N-Benzoyl amino acids have easily identifiable signals 
from the N protecting group in the aromatic part of the spectrum. Example 











(all spectra in CDC1 3 ) 
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recristallisation process was simple for three of the salts, but proved difficult 
for the N-CBZ-L-valine salt. Often, even when seeded, the solution failed to 
crystallise and several different ethanol/water mixtures were tried. The mixture 
from which crystallisation was most reproducible was 92% ethanol/water; as 
small a deviation as 2% was liable to give a non crystalline glass. 
Another screening run was carried out using strychnine as the alkaloid and 
the results are detailed below. 
Amino Acid solvent Result 
N-Formyl-L-Leucine 96% EtOH Clear soln giving 
a white ppt on 
evapn. 
90% Acetone Clear soin giving 
red/brown ppt on 
evapn 
CHCI 3 Initial ppt of 
few crystals under 
viscous soln giving 
a yellow glass 
on evapn. 
90% EtOH Clear soln giving 
brown ppt on evapn. 
N-Formyl-L-Aspartic 96% EtOH Large aggregates of 
Acid microcrystals under 
clear soln. 
90% Acetone microcryst. ppt. 
CHCI 3 White ppt under clear 
viscous soin giving 
clear glass on evapn. 
N-Acetyl-L- 96% EtOH Clear soin giving 
Phenylalanine clear cracked glass 
on evapn. 
90% Acetone Yellow soin giving 
yellow cracked glass on 
evapn. 
CHCI 3 Clear soin giving 
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N-Acetyl-L-Leucine 	 96% EtOH 
90% Acetone 
CHCI 3 
N-Acetyl-L-Alanine 	 96% EtOH 
90% Acetone 
CHCI 3 
N-Acetyl-L-Cysteine 	 96% EtOH 
90% Acetone 
CHCI3 
N-Acetyl-L-Tryptophan 	 96% EtOH 
90% Acetone 
CHCI 3 
N-Acetyl-L-G$utamic acid 	 96% EtOH 
90% Acetone 
yellow glass on 
evapn. 
Clear soln giving 
white ppt on evapn. 
Pale yellow soln 
giving yellow/red 
cracked glass, with a 
small crop of 
m i c roc rysta Is 
growing in it,on 
evapn. 
Small crop of crystals 
under yellow glass. 
V.small crop of crystals 
under clear soln giving 
white ppt. on evapn. 
Clear soln giving 
microcryst. 
sheet on evapn. 
Large aggregates of 
microcrystals. 
Amorphous ppt. under 
yellow soln. 
Amorphous ppt under 
yellow soin, becoming 
red soln with age. 
Heavy microcryst. 
P Pt. 
Deep yellow soln 
giving red/yellow 
cracked glass on 
evapn. 
Yellow soln giving 
red/yellow cracked 
glass on evapn. 
Deep yellow soln 
giving yellow glass on 
evapn. 
Clear soin giving 
large amorphous lumps. 
Amorphous ppt. 
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CHCI 3 microcryst. solid. 
N-Formyl-L-Tyrosine 96% EtOH Clear soln giving 
microcryst. 
sheet on evapn. 
90% Acetone Pale pink/yellow soln 
giving red cracked 
glass on evapn. 
CHCI 3 Clear soln giving 
microcryst. solid on 
evapn. 
N-Formyl-L-Meth ion ine 96% EtOH V.small crop of crystals 
under clear soln. 
90% Acetone Clear soln giving 
white ppt on evapn. 
CHCI 3 Viscous clear soln 
giving off white ppt on 
evapn. 
N-Benzoyl--L-Histiine Water Clear soln over 
white ppt. 
N-CBZ-L-Serine 96% EtOH Clear glass over 
white ppt.. 
Water Yellow soln giving 
yellow glass on evapn. 
N-CBZ-L-Valine 96% EtOH Clear soln giving 
crystalline sheet on 
evapn. 
Water Clear soln over 
white ppt. 
N-CBZ--L-Proline 96% EtOH Pale yellow soln 
giving yellow glass on 
evapn. 
N-Benzoyl-L-Phenylalanine 96% EtOH Pale yellow soin 
giving yellow glass on 
evapn. 
Water Initial white ppt under 
clear soin with 
subsequent deposition 
of brown oil. 









N-CBZ-L-Phenyla Ian ine 
N-CBZ-L-Alanine 
Water 	 Clear soln over 
brown oil. 
96% EtOH 	White amorphous ppt. 
Water 	 Clear soin over brown 
oil. 
96% EtOH 	Large amorphous lumps. 
Water Clear soin over brown 
oil. 
96% EtOH Clear soin giving 
clear glass on evapn. 
Water Pale yellow soln giving 
brown cracked glass on 
evapn. 
96% EtOH Pale yellow soin 
giving yellow glass on 
evapn. 
Water Clear soin over 
brown oil. 
Water Initial white ppt. under 
clear soln with 
subsequent deposition 
of brown oil. 
Water Clear soin over 
white ppt. 
The strychnine series of experiments yielded no useful crystals. The strychnine 
mixtures were also very difficult to get into solution in water. In all cases 
where crystallisation was observed, the yield was very low, and no further 
investigation was made into these mixtures. 
It is a feature of many of the alkaloid/amino acid solutions screened that 
they become supersaturated. This results in the formation of glassy hard solids 
when the solvent evaporates rather than the desired crystals. If an initial crystal 
of salt can be prepared, this can be used to seed subsequent solutions and 
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increase the chances of crystallisation. Obtaining an initial crystal is the most 
difficult part of the procedure. Many of the amino acids with N-CBZ and 
N-Benzoyl protecting groups and hydrophobic side chains were difficult to get 
into solution in water, and it was in these mixtures that the amino acid was 
most prone to redepositing as an oil layer. 
Several simple strychnine salts have their structure determined and they are 
valuable as they illustrate the packing mode of strychnine free of many of the 
interactions caused by the amino acid counter ion. No simple brucine salts had 
been prepared, and so some attempts were made to crystallise brucine with 
simple counter ions. These salts are very simply prepared by disolving brucine 
in water containing a slight excess of the appropriate mineral acid. All the 
brucine salts prepared in this way were deep pink or red in colour; strychnine 
salts are slightly yellow coloured. Extra care was taken when preparing the 
to 
nitrate salt, as the nitrate ion tendedoxidise the brucine and give a dark brown 
solution. Brucine sulphate gave large tablets approximately 3-5 mm on each 
edge from water , which were cut to size for data collection. The diffraction 
pattern obtained from these crystals had large irregularly shaped spots, 
suggesting that the crystals were not perfectly assembled. Brucine chloride 
and brucine bromide were also crystallised, and these also gave large 
seemingly well formed crystals. Upon removal from the mother liquor, the 
faces of these crystals lost their polished appearance and became rather 
opaque, and when Cut to provide crystals of suitable size for x-ray study, they 
were seen to be mechanically weak. The crystals were large needles and when 
cut perpendicular to the needle axis they tended to fragment into plates, 
cleaving along planes parallel to the needle axis. Several crystals were 
mounted and aligned using oscillation photographs; the Weissenberg 
photographs from these crystals, however, strengthened suspicions that they 
were made up of loosely ordered plates. Widely differing conditions were tried 
to obtain more ordered crystals, but no crystal of suitable quality for diffraction 
was ever obtained. The acetate salt did not crystallise well, and gave a large 
sheet of crystalline material which covered the base of the sample vial. The 
final attempt to produce a 1:1 simple salt was brucine nitrate. First crystals of 
this obtained from water exhibited the same faults as the chloride and bromide 
salts. A diffraction quality crystal of this salt was finally obtained from a 
recrystallisation of the initial batch of crystals from a 75% ethanol/water 
mixture. As the unit cell of this crystal has very similar dimensions to brucine 
free base ethanol solvate, it is assumed that there is an ethanol of 
crystallisation present; unfortunatly this data set has resisted all attempts to 
solve it. Many attempts were made to crystalise brucine free base from water. 
The ethanol solvate of the free base is known 17, and so no ethanolic solvent 
mixtures were used as this would promote crystallisation of the solvate. 
Brucine is fairly insoluble in water and recrystallised as very fine threads, 
although the tetrahydrate is reported as crystallising in monoclinic tablets 44 . 
Controlled cooling experiments incresed the short dimensions of the threads to 
approximatly 0.02 mm but no further gains could be made on this figure. 
Another set of crystals were produced to give strychnine and brucine salts 
of both hands of a small counter ion. The counter ion chosen was tartrate, as 
it is a small counter ion and chiral. It is also used frequently in resolution 
experiments and it cocrystallises easily with both alkaloids. The tartrate ion 
has some disadvantages, there are two chiral centres in the molecule and there 
are two acid functions, but these were not seen as major problems as the aim 
of these crystallisations was to study the changes in alkaloid packing when 
there was only a minor change in the counter ion. To produce the crystals 0.5 
g of each alkaloid was mixed with the correct amount of tartaric acid to 
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produce a 2:1 ratio of alkaloid to counter ion. Initially water was used as a 
solvent and in all 4 cases there was a rapid crystallisation of salt upon cooling 
the solutions. Subsequent recrystallisations using a lower concentration of salt 
and a seed from the initial batch produced diffraction quality crystals for three 
of the salts. The strychnine (+) tartrate was the most troublesome and slow 
controlled cooling from 50 ° C to 15° C over a period of five hours gave a 
diffraction quality crystal. 
The stated aims of this project are the study of resolution mechanisms and 
to find models for drug receptor interactions, so in a small move towards more 
biological systems, the cocrystallisation of some dipeptides with the alkaloids 
was attempted. The choice of dipeptides used was dictated more by 
availability than any other factor; They were available only in small quantities 
and so cocrystallisation was attempted only with brucine, as this had proved 
the most successful in this type of experiment. The procedure used is similar 
to that used in earlier experiments but scaled down. 0.1g of the dipeptide is 
mixed with the appropriate quantity of brucine to give a 1:1 molar mixture, and 
small quantities (ca. 0.025g) of the finely ground mixture are disolved in 0.25 ml 
of solvent. The results of the mixture solvent combinations are shown below. 
Dipeptide 	 solvent 	 Result 
N-CBZ-L-ala--L-ala 	 EtOH Small crop of crystals. 
N-CBZ-L-leu-L-gly 	 EtOH 	 Clear soln giving 
clear cracked glass on 
evapn. 
EtOAc 	 Clear soln giving 
clear cracked glass on 
evapn. 
Isopropyl 	Clear soln giving 
alcohol clear glass on evapn. 
N-CBZ-L-phe-L-ala 	 EtOH 	 Clear soin giving 
clear glass on evapn. 
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EtOAc 	 Clear soln giving 
clear glass on evapn. 
Isopropyl 	Clear soln giving 
alcohol clear glass on evapn. 
Only 	one 	of 	these 	mixtures 	gave 	any 	success, 	the 	brucine 
N-CBZ-L-alanine-L-alanine salt, and a larger batch of these crystals was 
prepared by mixing 0.2g of the dipeptide with 0.32g brucine tetrahydrate and 
then adding 0.5 ml of ethanol. This was heated until the ethanol was boiling 
and then water was added dropwise until all the solid had disolved. The 
solution was then seeded with a crystal from the earlier batch, and a large crop 
of well formed crystals developed over the subsequent two hours. The identity 
of the crystals was confirmed using 1 H N.M.R. 
Another series of experiments was begun attempting actual resolutions. 
The first was an attempt to duplicate a resolution previously reported 45  and 
involved the resolution of N-acetyl-L-tryptophan with brucine, using the 
method of Pope 46  where 2 moles of the acid to be resolved is mixed with 1.1 
moles of non chiral base (NaOH) and 0.9 moles of the chiral base, although the 
original experiment used the method. of Fischer 2. These resolutions are usually 
carried out on a large scale (several hundred grammes). As this was not 
possible or desirable for this project, the preparations were scaled down to 
approximatly ig quantities of the amino acid. The procedure used is as follows 
ig of the racemic amino acid is weighed into a 50 ml flask and the correct 
amount of NaOH and alkaloid to form a 2:1.1:0.9 is added. 10 ml of water is 
added and the mixture brought to baling point while being constantly stirred. 
Ethanol is added dropwise until the majority of the mixture is dissolved. If left 
at boiling point for a few minutes, the remaining small lumps of alkaloid 
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dissolve; and the solution is then allowed to cool. At this point in reported 
resolutions it is common to find that a seed crystal was added to promote 
crystallisation. This was obviously not possible in these preparations as no 
seed crystal existed. Various methods were tried to promote initial 
crystallisation. These include rapid room temprature evaporation of 0.5 ml of 
the mother solution on an open watch glass, and subsequent scratching of the 
watch glass to provide a fault for crystallisation to begin at. If these methods 
are unsuccesful the solution is left for 2-3 weeks while evaporation takes 
place. If a crystalline product forms this is filtered off under suction and 
washed with ethanol. The salt at this stage is usually in small crystals and so 
is recrystallised from 90% EtOH/water using as a seed a crystal kept from the 
crude product. 
The N-acetyl-tryptophan experiment did not succeed on the two occasions 
it was tried and on both occasions a clear glassy solid was obtained. A further 
series of these experiments was attempted. Due to the slightly increased 
complexity of the experiment and the need for relatively large amounts of 
starting material, a large scale screen of all the available amino acids 
derivatives was not attempted. A small, well defined subset of the amino acid 
derivatives was chosen, this being the amino acids with alkyl or near alkyl side 
chains and phenyl ring containing N-protecting groups. This group was chosen 
as a study on the resolution of N-Benzoyl alanine by brucine and strychnine 
with crystal structures obtained for each salt s had already been done 47. The 
experiments and their results are shown below. 
The first of these resolutions tried was that of N-CBZ-valine by brucine as 
the L enantiomer had already been successfully cocrystallised with brucine. 
None of the experiments to produce an initial seed succeded, so the solution 
was allowed to stand for several days. A large crop of crystals formed on the 
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base of the flask. These were scraped off and recrystallised from 90% 
EtOH/water. Crystallisation of the resolved material was significantly easier than 
in the previous brucine N-CBZ-L-valine case, and is attributed to the higher 
purity of the resolved material. As the complementary experiment the 
resolution of N-CBZ-valine was also attempted using strychnine. In this 
experiment, no attempts to generate a seed were made as crystallisation of the 
solution began after only 1 day. Larger crystals were produced by 
recrystallisation from 90% ethanol/water. 
Two other amino acid resolutions were attempted at this time, 
N-CBZ-alanine and N-benzoyl-valine, with both strychnine and brucine. No 
seed crystal was ever produced from any of the solutions, and all the solutions 
evaporated down to clear glassy, solids over a period of three weeks. 
At this point, an attempt was made to resolve N-acetyl-phenylalanine with 
both brucine and strychnine. This is the 'inverse' of the other groups as it has 
an aromatic side group and a small hydrophobic N protecting group. No 
crystallisation of any sort was induced in the brucine mixture, which evaporated 
to a glassy solid. The strychnine mixture, however, on rapid room temprature 
evaporation grew hairlike crystalline threads. These were added to the main 
body, of the sokition and the solution became slightly opaque. Under a 
microscope the solution was seen to contain the same type of crystalline 
growth, but it never progressed beyond this stage, and eventually gave a 
slightly opaque glassy solid. 
The final set of these experiments performed vas the attempted resolution 
by brucine and strychnine of N-CBZ-Methionine and N-benzoyl leucine. Again 
for both amino acids the brucine resolution was unsuccessful and gave the 
familiar glassy solid; the strychnine experiments were more successful. The 
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strychnine/methionine experiment required the addition of more ethanol to the 
mixture after one day, as the solution had become a misty emulsion. 
Experiments to form an initial seed crystal by rapid room temprature 
evaporation tended to suffer from the same problem, that is evaporation of the 
ethanol from the solution causing an oil to form. This was Usually cleared by 
the addition of a few drops of ethanol to the watch glass. A small amount of 
crystalline material was deposited, and this was added to the main body of the 
mixture. This produced within 2 days a crop of small, off white coloured 
crystals, and these were recrystallised from 90% ethanol/water to give larger 
white crystals. No seeding experiments were necessary for the 
N-benzoyl-leucine/strychnine solution, as this crystallised within 1 day. These 
crystals were not recrystallised, as the initial crystals were large enough for 
X-ray study. 
Proton nuclear magnetic resonance was used as before to check that the 
crystals forming were in fact the desired salt. The amino acid component could 
still be identified by its aromatic side chain,but a different signal was needed to 
identify strychnine. In general, the simplicity of the side chain of the amino acid 
meant that a complicated spectrum between 1 and 5 6 was indicative of 
strychnine being present in the crystals. 
2.2. Structure solution and refinement 
All the X-ray data used in this project were collected using computer 
controlled automated diffractometers. The main machines used were 
Enraf-Nonius CAD-4 four circle diffractometers, and a Stoe Stadi-2 two circle 
diffractometer. In both cases, the supplied software was used to drive the 
instruments, but in the case of the two circle unit the program STFIT 48 was 
used to refine the cell dimensions which did not involve the mounting axis. 
Data reduction of the data from these machines was done with two variants of 
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essentially the same program STOEABS and CADABS 49, which apply Lorentz 
and polarisation corrections to the data. In the case of the four circle program, 
a drift curve is calculated from the intensities of regularly measured standard 
reflections, and this may be used to correct for any slow decay in the crystal. 
From the corrected intensities and their measured backgrounds F and c(F) are 
calculated and output from the programs in an identical format, and treatment 
of the data is identical from this point on. One data set was collected on a 
Stoe/Siemens AED-2 automated four circle diffractometer, and in this case the 
manufacturers supplied data reduction program was used. 
The number of non-hydrogen atoms in the asymmetric unit of the crystals 
detailed in this thesis varies from 34 to 92 atoms, with many of the structures 
containing two independant alkaloid ions and an amino acid counter-ion. 
Structures of this size represent a considerable chalenge in their solution, as 
most contain no heavy atom suitable for standard Patterson methods, and they 
lie at the limits of the capabilities of the best direct methods techniques. The 
problems of the direct methods programs are often increased by the relatively 
poor quality of the data, which suffers in many cases from a high degree of 
thermal fading. Of the fifteen structures discussed in this thesis, eight could 
not be solved by the direct methods section of the program SHELXS-84 50 . 
Fortunatly, an alternative is provided by the presence of a large rigid group in 
each structure, allowing the use of a set of techniques known as Patterson 
search techniques. As was stated above, the absence of a heavy atom in most 
of these structures renders normal use of the Patterson function useless, as a 
structure containing N non-hydrogen atoms in the unit cell gives a Patterson 
with N(N-1) peaks of approximatly equal height. This map may, however, yield 
useful information about the orientation and position of a rigid fragment in the 
cell. The vectors in the Patterson map may be divided into two groups 
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according to length, as vectors less than 2.4A must represent intramolecular 
vectors, and carry information only about the orientation of the molecules in 
the unit cell. A set of vectors is easily calculated for the search fragment, and 
the usefulness of this set enhanced by merging into higher weight peaks those 
vectors which are close to overlap. This vector set may then be rotated to any 
given orientation, and some comparison technique used to check the degree of 
overlap between observed Patterson vector set and that of the trial orientation. 
There are two intuitively obvious ways to check possible orientations. 
A systematic search though the unique part of rotational space. This may 
be done with a relatively large step size on an initial pass, providing that the 
overlap comparison technique is capable of successfully picking the best 
orientation on the basis of a bad fit. In practise a selection of orientations are 
taken and a finer scan taken about each orientation. This process can be 
continued to any required accuracy. This is similar to the procedure used in the 
orientation subprogram of the DIRDIF 51 system, ORIENT 52 . 
A check of many random orientations. In this version of the technique a 
large number of random positions are tested, and this obviously requires a 
random function which is as unbiased as possible to ensure the most even 
sampling of the rotational space. This technique is that used in the Patterson 
search technique PATSEE 53 which is associated with the SHELXS-84 program. 
In the space group P1, the problem is now solved and use of a tangent 
expansion procedure on the partial phases derived from the orientated 
fragment should produce an electron density map in which the entire structure 
may be found. In most cases, however, the orientated fragment must be 
positioned correctly relative to the symmetry elements in the unit cell. For this 
purpose, a simple step search is very time consuming. In the DIRDIF system, 
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the technique is to expand the data to that of a P1 cell of the same dimensions 
and generate for each symmetry operator in the original space group a special 
Fourier map in which, ideally, the highest peak represents the shift that should 
be applied to the orientated fragment to position it correctly to that symmetry 
element. If there is more than one symmetry operation then the peak which 
most consistently fits all the symmetry operators is used, and then the 
procedure is as used in the P1 case, leading, if all goes well, to a Fourier in 
which the entire structure may be found. The translation function used most 
often is TRADIR 54 a subprogram of the DIRDIF system. 
Structure refinement 
In all the structures discussed in this thesis, the method used for 
refinement was least squares using the program SHELX-76 55. In the initial 
stages of refinement the stratagy was very similar in all the structures, with 
the first stage being refinement of the positions of the non-hydrogen skeletons 
of the ions in the structure, with each atom having an isotropic thermal 
parameter that was also allowed to refine. After this model had been refined to 
convergence the majority of the hydrogens would be added in calculated 
positions, usually using the default SHELX bond length of 1.08A and giving each 
a fixed isotropic thermal paramater, usually 0.06A 2. Hydrogens which had a 
large. degree of positional freedom (hydroxyls, water hydrogens etc.) would be 
located, if possible, in difference Fourier maps. Refinement would then continue 
using blocked matrix least squares with an alkaloid ion in a block, and the 
counter-ion(s) and solvent molecule(s) in another block. The structure would 
then be refined to convergence with each non-hydrogen atom having six 
anisotropic thermal parameters refined for it, giving a total of nine parameters 
for each non-hydrogen atom. At this point, the treatment of structures differs, 
as various experiments were tried to assess the viablity of refining hydrogen 
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atom positional parameters. Where a hydrogen had some large degree of 
positional freedom, (usually when attached to an oxygen) an attempt would be 
made to refine its positional parameters, but in many cases the 0-H bond 
length would become unreasonable, and so a distance constraint would be 
applied to that bond. In the case of water molecules it was often necessary to 
apply a distance constraint to the H-H distance to force a reasonable H-0-H 
angle. It is concluded from the experience gained during refinement that the 
refinement of hydrogen parameters is a difficult and unrewarding activity with 
data of the quality usually, found in these 'soft' alkaloid salts, and that the 
favoured technique is to place as many of the hydrogens in the structure as 
possible in calculated positions. During the descriptions of refinement in each 
structure the R-factor is quoted and this is defined as 
R={ EtFobsFcacI}/C E FObS) 
with at the end of each structure a weighted R-factor Rw which is defined as 
R=T{ ZWeig ht*[F 0 _F 51 ]Z)/( ZWe i g ht*(FQ5 ]2} 
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CHAPTER 3 
THE ALKALOID SIMPLE SALTS 
Tartaric acid is a useful resolving agent in its own right 596061 , but in this 
case the tartrate ion was used because it is a relatively small chiral counterion. 
The tartrate experiments were an attempt to produce a complete set of 
structures featuring the same components , that is each alkaloid with both 
enantiomers of the counter ion. The second reason for making these salts was 
as test structures for new versions of the ORIENT 52 and TRADIR 54 parts of the 
DIRDIF 51  system of programs, and in that capacity Dr. Hubert Bruins Slot of the 
Laboratorium voor Kristallographie at the Katholieke Universiteit in Nijmegen 
participated in the solution of three of the four tartrate crystal structures. 
Tartaric acid is used widely as a resolving agent in its own right and is 
readily available in both (+) and (-) (and meso) forms. The acid has the 
advantage that it is relatively small and it was hoped that this would highlight 
any changes in the packing of the alkaloids caused by changes as the two 
chiral centres in each tartrate ion , and the two carboxylic acid groups meant 
that the crystallographic problem presented by the 2:1 salts initially envisaged 
would be more challenging for the rotation and translation functions. Two of 
the salts subsequently crystallised were, however , bitartrates. Although the 
four salts are less easily comparable, the exact reasons why each salt 
crystallised as it did from largely similar conditions represents an interesting 
problem in itself. 
The sulphate salt of brucine was crystallised to give a brucinium salt with 
the very minimum of brucine packing disruption. By analogy with the strychnine 
salts, it would have been interesting to have a 1:1 simple salt. Unfortunately, all 
those tried give poor crystallinity. 
3.1. Strychnine (-)(2S,3S)Bitartrate 
This crystal was grown from a 2:1 molar mixture of strychnine and 
(-)tartaric acid dissolved in boiling water. Crystal data are given below: 
+ C21H23N202 . C4H506 
a =7.374(2) b = 
U =1225.14 Z =2 
Mo-Ku radiation, 
.3H20 M=538.49 space group P21 
11.713(2) 	C =14.293(2) A 8 =97.08(1) ° 
0 =1.46 g cm-3 T = 293 K 
X 
X
=0.71069 A 31 = 1.08 cm-1 , F(000) = 572 
The crystal was a needle of dimensions 0.25x0.12x0.10 mm. The data were 
recorded on a Nonius CAD-4 four circle diffractometer using graphite 
monochromated MoK a radiation. A unit cell was determined and refined using 
23 reflections ranging in e between 3.35 and 12.12 0  The intensity of one 
reflection was monitored during data collection and no crystal decay was 
apparent. Data were collected, to e=24 ° (h=-8 8, k=-13 0,1=0 16) and 2032 
unique data were recorded of which 1763 had 1>2a1. Systematic absences were 
observed along the OkO row and this combined with the observed crystal 
system and knowledge of the chirality of the crystal components implied that 
the space group was P2 1 . 
As this structure was in part a test of automatic Patterson search methods, 
no initial attempt was made to solve the structure using direct methods. In the 
automatic Patterson search programs the entire strychnine molecule was used 
as the search fragment, and in the rotation search 52  only one peak was found. 
This orientated strychnine was used as the input, fragment for a translation 
function 54 , which gave a peak more than twice as strong as the second peak. 
This positioned fragment was then used in a tangent expansion 51 and 
refinement procedure, which generated a Fourier map in which all the 
non-hydrogen atoms of the strychnine, bitartrate and two water molecules 
could be seen. These atoms were input to the refinement program 55  and 
produced an initial R-factor of 0.24. During the course of refining this isotropic 
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thermal parameter model, a third water molecule-was located in a difference 
map, and this refinement converged with an R-factor of 0.11. The hydrogens on 
the strychnine and the two hydrogens attached to the carbon atoms in the 
bitartrate, were added in calculated positions with fixed isotropic thermal 
parameters and constrained to ride positionally with their parent atoms. this 
model converged to an R-factor of 0.093. All the non-hydrogen atoms were 
now refined with anisotropic thermal parameters, and at this point it was 
possible to find all the water and the remaining bitartrate hydrogens. These 
atoms were refined positionally but with fixed thermal parameters of 0.06 A 2 . 
Atypically the hydrogens refined well so it was not necessary to place a 
distance constraint on the 0-H bonds. The data were weighted according to 
the scheme - 
W= 1 /( 2(F)+0.00225(F) 2) 
to give the most even distribution of variance across ranges of e and abs(F). In 
the final cycle of least squares 375 parameters were refined using 1763 data, 
the average shift over esd for each parameter was less than 0.05 with a 
maximum of 0.447 on a hydrogen positional parameter. In the final difference 
Fourier the maximum peak was 0.151 eA 3 and the minimum trough was 0.186 
eA 3 . The final R factor was 0.0346 with Rw at 0.0464. 
Strychnine geometry 
Several strychnine mineral acid salts have had their structure determined 
and they show that the geometry of strychnine ion varies little from structure 
to structure. Several features of the geometry do, however, bear some 
examination. 
Most of the bond lengths within the ion lie within the range of commonly 
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reported values for that bond type, and those bonds-which might be expected 
to be equivalent, generally are. The exception to this is the bond lengths 
around the (usually) protvnated nitrogen N(2). (A labeled diagram and drawing of 






In this case the three bond lengths are 
C(9)-N(2) 1.544(5) 	A 
C(10)-N(2) 1.512(5) 
C(15)-N(2) 1.515(5) 
This anomaly has also been observed in previous crystal structures E.G. in 
strychnine chloride 
14 which has two strychnine ions in the assymmetric unit. 
C(9)-N(2) 1.530(5) C(9')-N(2') 1.543(5) 	A 
C(10)-N(2) 1.491(5) C(10')-N(2') 1.507(5) 
C(15)-N(2) 1.497(5) C(15')-N(2') 1.490(5) 
There seems no electronic reason why these bond lengths should differ, as the 
atoms forming the bonds are reltively isolated from other electronegative 
centres. 
The angles in the strychnine ion are not so nearly equivalent, with a 
significant closing of one of the angles in the aromatic ring. C(1)-C(2)-C(3) is 
117.5(3) ° compared with values close to 120 0  for the other angles in the 
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aromatic 	ring E.G. the 	angle 	opposite C(4)-C(5)-C(6) at 	119.6(4) 0 . 	This 	effect 
seems to 	be characteristic 	only 	of this 	structure, with 	only 	one 	of 	the 
molecules from the chloride showing it 	so 	distinctly C(1)-C(2)-C(3) 	117.3(4) 0 
C(4)-C(5)-C(6) 119.5(4) 0 	This may be due to some interaction between 6+ve 
H(21) and the 6-ye amide oxygen 0(1) which is 2.375A from H(21). 
One of the most flexible parts of the molecule is ring Ill containing the 
amide function. C(20) is a sp3 carbon with a very wide angle between the 
non-hydrogen substituents. C(21)-C(20)-C(19) is 118.3(3) 0 which is wider than 
the ring angle at the neighbouring sp2 carbon C(21), N(1)-C(21)-C(20) is 
117.1(3)9. These angles also vary significantly from molecule to molecule 
Strychnine Chloride 
C(21)-C(20)-C(19) 	117.0(3) 	N(l)-C(21)-C(20) 	114.9(3) 	A 
C(21')-C(20')-C(19') 117.3(3) N(1')-C(21')-C(20') 114.9(3) 
Strychnine N-berizoyl-L-alanine 
C (21)-C (20)-C ( 19) 	115.6(5) 	N( 1 ) -C  ( 21 ) -C( 20) 	113.6(5) 
This flexibilty from structure to structure is also shown in a torsion involving 


















The amide nitrogen N(1) is also significantly non planar with, in this structure, a 
sum of subtended angles of 352.4 0 . 
Ring VII has less flexibility, and all the sp3 carbons have angles wider than 
the tetrahedral angle, the most notable of these is at C(14) with 
I1 
C(19)-C(14)-C(13) equal to 118.1(2) 0, and with a sum of subtended 
non-hydrogen angles of 336.8 0 it is the most 'flattened' sp3 carbon in the 
strychnine. 
Overall the molecule has a wedge like shape, as shown in fig 3.1b, with the 
aromatic ring as the thin end of the wedge and the amine (usually protbnated 
and charged) nitrogen in one of the triangular sides of the wedge. 
Fig. 3.lb 
(2S,3S) Bitartrate geometry 
The bitartrate numbering scheme is shown in fig 3.1c. 
	
332 	32 	 302 
\C33- C32 C31 30C 
H 
.0 / 	H 	
531 	0301 331 
H. 
Fig. 3.lc 
The bitartrate geometry is relatively simple compared with that of the 
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strychnine, but pleasing in that it so clearly indicates which of the carboxylic 
acid functions is protinated. This is shown in the clear differences in the C-0 
bond lengths at one of the carboxylic acids 
	
C(30)-0(301) 	1.252(4) 	C(30)-0(302) 	1.228(4) 	A 
C(33)-0(331) 1.296(4) C(33)-0(332) 1.197(4) 
with the carboxylic acid group of C(33) obviously the one remaining protuiated. 
The significant difference in the C-a bond lengths of the C(30) acid function 
can be explained by the observation that 0(301) is the acceptor of a strong 
hydrogen from another bitartrate ion. There also appears to be a significant 
lengthening of the C-C bond to the acid function with C(30)-C(31) 1.546(5)A 
and C(33)-C(32) 1.520(4)A. 
The angles around each carboxylic acid also vary significantly. In the 
charged carboxylic acid the 0-C-C angles are virtually equivalent 
0(301)-C(30)-C(31) at 116.4(3) ° and 0(302)-C(30)-C(31) at 117.7(3) 0, while in the 
protonated acid they are 0(331)-C(33)-C(32) 115.1(3) 0 and 0(332)-C(33)-C(32) 
120.0(2) 0 , indicating the localised double bond C(33)-0(332). Less easy to 
understand is the slight anomaly in the angles around C(31) . Around C(32) the 
non-hydrogen atoms subtend almost equivalent angles in the range 
110.0-111.8° . Around C(31), however, 0(31)-C(31)-C(32) is 108.8(2) ° and 
0(31 )-C(3 1 )-C(30) is 112.0(3) 0 . 
A connectivity search was made of the Cambridge crystallographic 
database 64  for all structures containing the tartaric acid skeleton. This gave 74 
hits, which yielded 100 distinct structures upon retrieval, indicating the 
frequency that some tartrate structures have been redetermined. After the 
removal of structures containing heavy metals and those with no coordinates, 
there were 32 structures which contained 33 unique tartrate fragments. It was 
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impossible to use GE0M78 65 to analyse the data, and the local molecular 
geometry program had to be used. Of the 33 unique tartrate fragments, 30 
have the carboxylic functions trans across the central C-C bond, as steric 
considerations would predict. This conformation is also adopted by the 
bitartrate ion in the present structure. The carboxylic acid functions invariably 
lie in or very nearly in the plane described by the carboxylic acid carbon and 
the adjacent carbon and hydroxy group (E.G. C(30)-C(31)-0(31)), and this is the 
conformation adopted by the bitartrate in this structure, with this arrangement 
stabilised by very weak intramolecular hydrogen bonds. 
Hydrogen Bonding 
The strongest hydrogen bond in this structure is between the charged 
amine nitrogen in the strychnine molecule and the depro*iated carboxylic acid 
function in the bitartrate ion N(2)..0(302), with a N..O distance of 2.752(4)A, an 
N-H..O angle of 161.3 0, and a shorter than average 66 H..O distance of 1.707A. A 
packing diagram of 3.1 is shown in fig 3.1d. This 'salt bridge' hydrogen- bond As 
a common feature found in the previously studied strychnine and brucine 
carboxyllic acid salts. A second strong hydrogen bond connects succesive 
bitartrate ions in the x direction, 0(301)..0(331) at 2.561(3)A, forming an infinite 
column of bitartrate ions parallel to the a -axis. There are three water 
molecules of crystallisation per asymmetric unit in this structure, and two of 
these water molecules, 0(1W) and 0(2W), exclusively interconnect the bitartrate 
ions with very similar hydrogen bonding patterns. Each water molecule donates 
to to an acid function oxygen and a hydroxyl oxygen, and also accepts from 















Fig. 3.1d. Packing diagram of 3.1 










O 77 0 	 0 0 
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a axis projection 
Bonds I and III interconnect bitartrate ions one unit translation apart in x, and 
bond II connects to a third bitartrate ion half a unit cell translation in y from 
the other two, to interconnect the columns of bitartrate ions into a hydrogen 
bonded corrugated sheet. The third water molecule forms only two, relatively 
weak, hydrogen bonds donating to 0(2) on the strychnine and 0(301) on the 
bitartrate. 
	
0(3W)..0(301) 2.916(5) 	0(3W)..0(2) 	2.974(5) A 
Other 	Non-bonded interactions 
Apart from the hydrogen bonds detailed above there is very little specific 
interaction between the bitartrate ion and the strychninium ion. There is only 
one short contact between the two and this involves the vinyl' group on the 
strychnine and one of the C-Hs on the bitartrate, with a contact H(31C)..H(17) 
of 2.30(4) .A and an accompanying C.0 contact C(31)..C(17) of 3.700(5)A. Most of 
the other close contacts (not caused by proximity to a hydrogen bond) occur 
between strychninium ions, and they can be divided into two classes. 
Those which are involved in stacking strychnines up the short a -axis. 
The most prominent, contact is between H(13) and the atoms of the aromatic 
ring: 
H(13)..C(6) 	2.763(5) 	H(13)..C(1) 	2.785(5) 	A 
H(13)..C(2) 2.867(4) H(13)..C(5) 2.912(5) 
The other set are involved in forming the nose to tail type arrangement 
of the strychnines in the b -axis direction. The two shortest C..O contacts in 
this structure are involved in this process 
C(4)..0(1) 	3.269(5) 	C(2)..0(2) 	3.174(4) 	A 
40 
with the molecules containing 0(1) and 0(2) above related by a lattice 
translation in the x-direction so that the two y-direction stacks of strychnine 
are interleaved. These C-0 interactions link the strychnines in both x and y 
directions. 
In general terms the packing can be described as grooved bilayers of 
strychnine ions, perpendicular to the c -axis. Corrugated sheets of bitartrate 
ions are intercalated between these bilayers. 
3.2. Strychnine (+)(211.31R)Tartrate 
This crystal was grown by recrystallising crystals from a 2:1 molar mixture 
of strychnine and (+)tartaric. acid disolved in boiling water. Of the four 
attempted crystallisations using tartaric acid, this was far the most dificult. It 
was necessary to keep the recrystallisation vessel in a thermostated block and 
slowly decrease the temprature over eight hours, to produce diffraction quality 
crystals. Oscillation and Weissenberg photographs initially, suggested that the 
crystals were monoclinic, probably P2 1 , with the unique axis coincident with the 
mounting axis; an abortive attempt to collect data on a two circle 
diffractometer, however, showed the crystals to be triclinic with, only one angle 
very close to 90 0 .Crystal data for these crystals is given below: 




U =1151.8i 3 Z =1 0 =1.34 
Mo-Ku radiation, Xx= 0.71 
M=926.93 space group P1 
C 19.586(9) A 
' =89.59(5) 	0 
g CM-3 T = 293 K 
069 A p = 0.95 cm 	, F(000) = 494 
The crystal was a tablet of dimensions O.4x0.34.2 mm. Data were collected on 
a Nonius CAD-4 4 circle diffractometer using graphite monochromated MoK 
radiation. The unit cell was determined and refined using 25 reflections ranging 
between 4.3 and 13.3 0 in 8. The intensity of one reflection was monitored 
during data collection and no crystal decay was apparent. From the 
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photographs it was obvious that the intensity of reflections fell off rapidly with 
increasing 8 and so data was only collected to 8 of 200  (h=0 7,k-7 7,1-18 18), 
and 4032 unique data were collected of which 1523 had 1<2a1. The structure 
was solved as in the bitartrate, by automated Patterson search techniques 
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using the strychnine molecule as the search fragment. In the Fourier map 
generated using the orientated and translated fragment it was possible to find 
the heavy atom skeletons of both strychnines, however only a few other 
strong peaks were seen and these could not be connected into a recognisable 
tartrate ion. The two strychnine molecule were input to the refinement 
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program and gave an initial R factor of 0.30. In the first difference Fourier map 
it was possible to locate seven of the atoms in the tartrate ion, and after two 
cycles of least squares refinement the remaining atoms in the tartrate ion were 
located. Five strong. unconnected peaks were also located in this difference 
Fourier map and these were assigned as water molecules. Some difficulty was 
encountered while trying to refine the tartrate ion such that distance 
constraints had to be applied between the atoms in the acid, function on C(33). 
This model was refined with isotropic thermal parameters, and during this time 
a further water molecule was found in a difference map. This model converged 
at a R of 0.13. Hydrogens were added to the strychnine ions and to the 
carbons of the tartrate ion in calculated positions with fixed isotropic thermal 
parameters, and constrained to ride with their parent atoms. Although the 
strychnines refined well, the tartrate ion exhibited some peculiarities, with 
virtually all the atoms in the tartrate ion having large thermal parameters in 
one direction. An ORTEP 67 diagram of the tartrate with 50% probability 
envelopes is shown in figure 3.2a. 
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Fig. 3.2ci 
The smallest amount of motion is at C(30) while 0(32) and 0(332) have 
large spherical thermal motions. This large anisotropic thermal motion is not 
seen in the strychnine ions, and so this must be modelling some disorder in 
the tartrate ion, a possibility being that the tartrate ion is disordered over 
several slightly displaced positions with C(31) a common position in all 
orientations. The disordered tartrate is surrounded by several water molecules 
with large thermal parameters, and as there is. no extended hydrogen bonding 
network between the waters and the tartrate ion, it is impossible to predict 
where the hydrogens of the tartrate hydroxyl groups or water molecules should 
be located. Accordingly, the structure was refined to convergence without 
these hydrogen atoms. All the above factors contribute to this structure being 
somewhat less accurate than would be desired, with an average a on a C-C 
bond on a strychnine of Q.012A and zO.02A in the tartrate ion This can be 
contrasted with the previous structure in which the average C-C bond esd was 
O.005A in both the strychnine and the bitartrate ion. In the final cycles of 
refinement the data were weighted according to the scheme 
w= 1 /(a 2 (F)+O.0028F 2 ) 
which gave the most even distribution of variance in ranges of sin(e) and 
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abs(F). In the final cycle of least squares 665 parameters were refined in three 
blocks using 2509 data. The largest shift over esd was 0.044 with the average 
for all parameters less than 0.02. In the final difference Fourier map the largest 
peak was 0.59 eA 3 with the deepest trough 0.33eA 3. The final R-factor was 
0.0786 with Rw 0.1033. 
Strychnine Geometry 
Due to the limited accuracy of this structure,some of the finer geometric 
differences which occur between strychnine molecules are somewhat swamped 
by the high esds on the parameters, although some trends are observable. 
The unequal C-N bonds seen in 3.1 and the mineral salts are not very clear 
in this structure and the three bond lengths in each independent strychnine are 
tabulated below: 
C(9)-N(2) 1.520(11) C(9')-N(2 1 ) 1.569(12) 	A 
C(10)-N(2) 1.515(12) C(10')-N(2') 1.467(12) 
C(15)-N(2) 1.524(12) C(15')-N(2') 1.525(13) 
with the normal pattern of C(9)-N(2)>C(10)-N(2)C(15) -N(2) almost present in 
the primed molecule but totally absent in the unprimed molecule. In ring Ill the 
conformationally flexible torsion is in each strychnine 
C(19)-C(20)-C(21)-N(1) 	-43.0(12) 
C(19')-C(20')-C(21')N(1') 	-38.4(12) 
both values being within the ranges of those previously reported. 
(2R,3R) Tartrate Geometry 
Again, little can be made of the tartrate bond lengths except to say that all 
the acid C -C bond lengths are approximatly equal. Three of the bonds, 
however, seem quite short and this may reflect the averaging over several 
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positions. The bond lengths are 
	
C(30)-0(301) 1.178(19) 	C(30)-0(302) 	1.236(24) 	A 
C(33)-0(331) 1.181(25) C(33)-0(332) 1.19(3) 
The conformation of the tartrate is very similar to that of the previous 
bitartrate ion with the main carbon backbone in a trans type conformation, and 
the important exception that the configuration around C(31) and C(32) is 
reversed. The acid functions are also similar, both lying in the plane of their 
respective hydroxyl functions. 
C(30)-C(31)-C(32)-C(33) 	179.5(13) 	° 
0(31)-C(31)-C(30)-0(301) 	4.4(20) 0(32)-C(32)-C(33)-0(332) 	-1(3) 
Hydrogen Bonding 
As was stated above, there is little 'extended' hydrogen bonding in this 
structure, with only three of the six water molecules involved in more than one 
hydrogen bond. These three are: 0(2W), which forms hydrogen bonds between 
succesive tartrate ions in the y direction; 0(5W), which performs a similar 
function in the x direction; and 0(1W), which only forms one hydrogen bond to 
the tartrate and makes its other bond to another water molecule 
0(302)..0(2W) 2.676(23) 0(31)..0(2W) 2.940(20) 	A 
0(302)..0(5W) 2.80(3) 0(32)..0(5W) 2.99(3). 
0(301)..O(1W) 2.885(16) O(1W)..0(3W) 2.887(19) 
Of the remaining three water molecules, 0(3W)'s only hydrogen bond is 
mentioned above, 0(4W) forms one hydrogen. bond to the tartrate O(4W)..O(331) 
2.771(23), and 0(6W) forms no hydrogen bonds The tartrate ion forms two salt 
bridge hydrogen bonds between successive bilayers of strychnine molecules. 
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Other non-bonded interactions 
Again, there is little interaction between the counter ion and the strychnine 
other than that caused by hydrogen bonding. The shortest alkaloid-alkaloid 
interaction is between the carbonyl part of the amide function on the two 
independent strychnines. 
C(20')..O(l) 	3.189(13) 	C(20)..0(1') 	3.237(12) 	A 
This pair of interactions forms a continuou& zig-zag up the x-axis. There is also a 
similar series of contacts between the proton of C(13) and the aromatic ring, to 
that seen in the bitartrate salt. 
C(2')..H(731) 	2.726(13) 	C(1')..E(731) 	2.754(11) 	A 
C(2)..E(131) 2.689(13) C(1)..H(131) 2.728(12) 
These are the shortest C-H contacts in the structure other than those caused 
by proximity to a hydrogen bond, and indicate that although the packing of the 
strychnines is very different in the bc plane of structures 3.1 and 3.2 they stack 
up the a -axis in a broadly similar manner. 
3.3. Brucine (-)(2S,3S) Bitartrate 
These crystals were produced from a 2:1 mixture of brucine and (-) tartaric 
acid disolved in boiling water. The crystal data for this structure are given 
below: 
+ C23H27N204 . CH506 
a =12.434(4) b 
U =2926.1Z =4 
Mo-Ku radiation, 
.5H20 M=634.56 space group P21 
=31.33(1) 	C =7.527(2) A B =93.71(2) ° 
O =1.44gcm 3 T293K 
XX 0.71069 A i,.i = 1.11 cm 	, F(000) = 1352 
Initial oscillation and Weissenberg photographs gave rough cell dimensions, and 
the space group as P2 1 . Data were collected on a Nonius CAD-4 four circle 
diffractometer using graphite monochrornated MoKa radiation. The unit cell was 
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refined using 22 reflections ranging in q between 11.29 and 19.77 0 . Data were 
collected to a maximum 8 of 24 0 (h0 14, k0 35, 1-8 8). The intensity of one 
reflection was monitored during data collection, and no appreciable crystal 
decay was evident. 4677 unique data were collected of which 1013 had l<c(l). 
The structure was solved using automatic Patterson search methods 52, with the 
strongest peaks in the rotation and translation functions giving the correct 
solution. In the Fourier calculated using the phases derived from this positioned 
fragment it was possible to find one entire brucine and a recognisable 22 atom 
fragment of the second brucine. These atoms were input to the tangent 
expansion section of the SHELXS 84 55  program, and two cycles of Fourier peak 
list refinement were performed. This gave a map in which the rest of the 
second brucine ion, thetwo bitartrate ions, and ten strong peaks which were 
tentatively assigned as water molecules. When input to the refinement 
program 55  these 88 atoms gave an initial R factor of 0.23. This structure was 
refined with an isotropic thermal parameter for each atom to an R of 0.092, and 
then with anisotropic thermal parameters for each atom to 0.0695. All the 
hydrogens of the brucine ions were added in calculated positions with fixed 
isotropic thermal parameters, and constrained to 'ride' with their parent heavy 
atom. The two bitartrate carbon H's were added in a similar fashion. The acid 
and hydroxyl hydrogens of the bitartrate ion were found in Fourier difference 
maps and refined with constrained hydrogen-oxygen distances. Some of the 
hydrogens on the water molecules were found in difference maps, but not all. 
Most probable positions for the hydrogens were calculatable on the basis of 
the hydrogen bonding network for all the water molecules except 0(5W), in 
which only one probable position was found. These hydrogens were added and 
constrained to be zl.OA from their parent atoms and 1.73A from eachother. 
The data were weighted according to the scheme: 
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W 1 /{a 2 (F)+gF 2} 
where g was refined to give the most even distribution of variance over ranges 
of sin(e) and abs(F), with the final value of g at 0.000576. In the final cycle of 
least squares 868 parameters were refined using 3664 data. The largest shift 
over esd was 0.385, and the average for all parameters was less than 0.1. In 
the final difference Fourier the largest peak was 0.28eA 3 , - and the deepest 
trough was 0.23eA 3 . The final R-factor was 0.0436 with Rw  0.0539. 
Brucine geometry 
Brucine differs from strychnine only by the substitution of two OMe groups 









This structure contains two independent brucine ions, and the bond lengths in 
each brucine are very similar except for the bonds. around the protonated 
amine nitrogen. In one molecule the anomalous bond lengths seen in the 
strychnine salts is not so pronounced. 
	
C(9)-N(2) 	1.528(6) 	C(9')-N(2') 
	
1.549(6) 	A 
C(10)-N(2) 1.502(6) C(10')-N(2') 1.510(6) 




The substitution of OMe groups for hydrogens seems to have no effect on the 
aromatic system bond lengths, with the bond length C(3)-C(4) from structure 
3.1 of 1.390(6)A comparing well with 1.405(6) and 1.397(6)A from the brucines in 
this structure. The angles are also very similar to those in the strychnine but, 
as in the bond lengths, the difference in the aromatic ring angles is not as 
pronouced in the unprimed molecule, with C(2') having the narrowest ring angle 
in the two aromatic systems. 
C(1)-C(2)-C(3) 	118.3(4) 	C(1')-C(2')-C(3') 	116.6(4) 0 
C(4)-C(5)-C(6) 118.3(4) C(4')-C(5')-C(6') 118.3(4) 
In both brucines, however, the wide angle at C(20) is present and in each case 
the angle is wider than that at the neighbouring sp 2 carbon, 
C(19)-C(20)-C(21) 	118.1(4) 	C(19' )-C(20' )-C(21' ) 118.1(4) 0  
C(20)-C(21)-N(1) 117.5(4) C(20')-C(21')-N(1') 	116.3(4) 
with the flexible torsion angle in this ring having a value in each case of 
C( 19)-C(20)-C(21)-N(1) 	-27.7(6), -31.1(6) 0 . 
There are also the additional angles from the methoxy groups. All four methoxy 
groups have a similar geometry. They lie almost in the plane of the aromatic 
ring, probably due to packing forces 68, with a torsion to the ring of 
C(22)-0(3)-C(3)-C(2) 	3.0(6) C(22')-0(3' )-C(3' )-C(2' ) 	-1.3(6) 0 
C(23)-0(4)-C(4)-C(5) 6.7(7) C(23' )-O(4' )-C(4' )-C(5' ) 3.9(6). 
The methoxy-ring angles are asymmetric i.e. the methoxy group does not 
bisect the ring angle. Rather the methyl groups are bent away from the ring 
with angles 
0(3)-C(3)-C(2) 	123.0(4) 	0(3)-C(3)-C(4) 	116.4(4) 0 
0(4)-C(4)-C(5) 123.6(4) 0(4)-C(4)-C(3) 115.6(4) 
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0(3' )-C(3' )-C(2' ) 122.4(4) 	0(3' )-C(3' )-C(4' ) 	116.5(4) 
0(4' )-C(4' )-C(5' ) 124.3(4) 0(4' )-C(4' )-C(3' ) 	114.9(4) 
indicating some degree of steric interaction between the methyl H's and the 
ring, with an average methyl-C ring-H distance of 2.468A. 
(2S,3S)Bitartrate geometry 
The two independent bitartrate ions in this structure are very similar to that 
in structure 3.1, although the difference in the carboxylic acid group C-O bond 
lengths in the protonated and non-protonated groups is less easy to see in 
one of thebitartrate ions. 
C(30)-0( 301) 1.233(7) 
	
C(30)-0(302) 1.262(6) 	A 




C(43)-0( 431) 1.274(6) C(43)-0(432) 1.225(6) 
C(33) is obviously,the protonated acid function in one bitartrate, but C(43) can 
only be assigned as the protonated acid function on the second bitartrate after 
consideration of the hydrogen bonding scheme. Some confirmation of this 
analysis is available in the observation that there are smaller differences. in the 
two C-C-O angles at the ionized acid group. 
C( 31)-C(30)-0( 301) 	118.0(4) 
	
C(41)-C(40)-0(401) 	119.3(5) 	° 




C(32)-C(33)-0(332) 	121.1(4) C(42)-C( 43)-0(432) 	121.4(4) 
There is also a difference at the hydroxyl carbon, with the ionized end of the 
molecule having a more acute C-C-C bond angle. 
C(30)-C(31)-C(32) 	109.3(4) 	C(40)-C(41)-C(42) 	109.2(4) 0 
C(31)-C(32)-C(33) 112.4(4) C(41)-C(42)-C(43) 111.9(4) 
Both the bitartrates have the most common fully extended backbone 
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conformation, but with the hydroxyl functions twisted slightly out of the plane 
of the acid function, with torsion angles 
0(31)-C(31)-C(30)-0(302) -19.5(6) 0(41)-C(41)-C(40)-0(402) -15.7(6) 0 
0(32)-C(32)-C(33)0(332) 	11.1(6) 0(42)-C(42)-C(43)-0(432) 	10.8(6) 
Hydrogen bonding 
This is the only brucine/strychrine carboxylic acid salt yet examined in 
Which the carboxylic acid-amine nitrogen 'salt bridge' is not the shortest N..O 
hydrogen bond (the packing of 3.3 is illustrated in. fig 3.3a). In this structure 
each brucine nitrogen donates to two oxygens, forming a three centre 
(bifurcated) hydrogen bond, with the shortest N..O contact between the brucine 
nitrogen and a hydroxyl. oxygen on the bitartrate, and the third centre from the 
carboxylic acid function giving a type 169  three centre bond. 
N. .0 dist(") H. .0 dist(") N-H. .0 angle( o ) 
N(2)..0(31) 2.873(5) 2.054 130.2(3) 
N(2)..0(302) 2.985(5) 2.059 142.0(4) 
N(2')..0(41) 2.856(5) 2.039 130.0(4) 
N(2',)..0(402) 3.099(5) 2.160 144.0(4) 
Although the bond to the acid oxygen is longer, it is more linear suggesting 
that the acid function may represent the major component 70 . One of the 
reasons that this bifurcated hydrogen bond. is more stable than a single short 
hydrogen bond between acid and amine must be that the acid oxygen involved 
is also strongly donated to by the protonated acid group on the bitartrate ion. 
one unit cell translation away in z. These hydrogen bonds are very strong, but 
unlike some identified, the hydrogen can be localised to one oxygen atom, to 
give an unsymmetrical strong hydrogen bond 71 . 
	
0(331)..0(302) 	2.494(5) 	H(331)..0(302) 	1.52(5) 	A 










0 	 0 
C. 	0 	 C. 
c axis projection 
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It is also reported that three centre bonding is more likely with a charged 
donor 70 . These hydrogen bonds are suplemented by a complex of hydrogen 
bonds formed by the water molecules. 
0(1W) and 0(2W) form direct links between the two bitartrate ions, 
0(32)..O(1W) 	2.752(5) 	0(1W)..0(432) 	2.847(6) 	A 
0(42)..0(2W) 2.782(5) 0(2W)..0(332) 2.898(6) 








0(7W)..0(6W) 2.824(8) 0(6W)..0(401) 2.860(8) 
Other hydrogen bonds are connected onto these chains. 
0(4W)..O(1) 	2.871(7) 	0(9W)..0(10W) 3.003(9)A 
	
0(10W)..0(301) 2.859(9) 	0(7W). .0(8W) 	2.766(9) 
0(8W)..0(3W) 	2.795(9) 	0(3W)..0(1') 2.781(7) 
0(3W)..0(31) 	3.033(6) 
The overall effect of this water hydrogen bonding is to weave the columns of 
bitartrate ions into a sheet with two contact points to the brucine ions, at the 
amine nitrogen and at the amide oxygen. The ether and methoxy oxygens take 
no part in the hydrogen bonding. 
Other non-bonded interactions 
As in the strychnine tartrates there is very little contact between the 
bitartrate ions and the brucine that cannot be directly attributed to proximity to 
a hydrogen bond. The two shortest alkaloid-counter ion carbon carbon contacts 
involve the brucine vinyl group, 
C(17)..C(42) 	3.515(7) 	C(17')..C(32) 	3.553(7)A 
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C(17)..H(42) 	2.693 	 C(17')..H(32) 	2.733 
and this may be due to the positioning effect of the bifurcated hydrogen bond 
to N(2). These atoms in the vinyl group are also involved in the shortest C..0 
contacts in the structure. 
C(17)..C(22') 	3.446(7). 	C(17')..C(22) 	3.380(7) 	A 
The shortest C..O contact not attributable to proximity to a hydrogen bond is 
between one of the water molecules and C(12),C(12)..0(3W) 3.280(7)A but 
neither of the hydrogens attached to C(12) poini directly at the water molecule. 
The other short C..O conttacts involve the aromatic ring on one brucine and the 
ether oxygen of another. 
C(3')..0(2) 	3.299(6) 	 C(2')..0(2) 	3.310(5) 	A 
In general the alkaloid packing may be described as as a corrugated 
monolayer made up from the stacking of a ribbon of brucine, in which the 
brucine ions line up in a 'head to tail' fashion. No strong interactions dominate 
the brucine packing, rather a large number of Van der Waals contacts 
contribute to the stability of this monolayer. This type of monolayer has been 
identified in several previous structures; brucine ethanol solvate 17, brucine 
(1_(O_Bromophenyl)-1-phenyl-2-prOPynOI) adduct 16, and the salt of brucir%e 
and N-benzoyl-D-alanine 5 . The brucines pack in a very efficient wedge like 
fashion within the monolayer as illustrated in fig 3.3b. In the above structures 
the orientation of each monolayer to the next is constant, with the corrugations 
out of phase in sucessive monolayers, and this produces an interlayer space 
with linear constrictions. The bitartrate-water network lies in this interlayer 
space bound to the monolayer by the amide carbonyl in the valleys of the 
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monolayer, and the amine nitrogen set in the side of the monolayer. 
3.4. Brucine (+)(213.31R) Tartrate 
These crystals were produced from a 2:1 mixture of brucine and (+)tartaric 
acid, disolved in boiling water. The crystal data are given below: 
(C23H27N204)2.C4H406 2 .8H20 M1083.04 space group P21 
a =9.41(1) 	b =28.914(9) 	C =9.549(5) A 8 =99.45(7) ° 
U=2562.843 Z=2 D =1.40 g cn( 3 T= 293 K 
Mo-Ks radiation, X x = 0.71069 A 3.1 = 1.03 cm 	, F(000) = 1156 
The crystal was a wedge shape 0.2x0.2 mm with an average thickness of 0.1 
mm. Data were recorded on a Nonius CAD-4 four circle diffractometer using 
graphite monochromated MoKa  radiation. The unit cell was determined and 
refined using 19 reflections with e between 4.14 and 10.55 0. The intensity of 
one reflection was monitored during data collection and no crystal decay was 
apparent. Data were recorded to e=22 ° (h=-9 9,k=0 30,1=0 10) and 3182 unique 
data were collected of which 1054 had 1<2a(I). Examination of the systematic 
absences in the data showed the space group to be P2 1 . The structure was 
solved by automatic Patterson search methods using a grychnine molecule as 
the search fragment. The first two peaks in the rotation function 52 
corresponded to the orientation of the two independent brucines. The brucine 
corresponding to the first peak was used as input to the translation function 54 , 
and the phases derived 51 from this positioned brucine gave a Fourier in which 
both brucines and the tartaric acid were identifiable. When input to the 
refinement program 55 these atoms gave an initial R-factor of 0.28. Refinement 
of these atoms with isotropic thermal parameters and the addition of eight 
water molecules found in subsequent Fourier maps reduced this to 0.091. 
Hydrogens were added with fixed isotropic thermal parameters, in calculated 
positions for all the brucine hydrogens, and constrained to 'ride' positionally 
with their parent atoms. The hydrogens on carbons C(31) and C(32) of the 
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tartrate ion were also treated this way. The hydrogens on the tartrate 
hydroxyls were found difference maps and refined with distance constraints on 
the hydrogen oxygen distance. As many as posible of the hydrogens on water 
molecules were located in difference maps, and the remainder were located by 
inference from the hydrogen bonding network. The water molecules were 
refined with constrained 0-H bond lengths and constrained H-H distances. All 
non-hydrogen atoms were finally refined with anisotropic thermal parameters 
using blocked matrix least squares, with each brucine in a block and the 
tartrate and water molecules in a third. The data were weighted in the final 
stages of least squares using the scheme 
W= 1 /( 2 +O.00O8F 2 }, 
which gave the most even distribution of variance over ranges of sin(e) and 
abs(F). In the final cycle of least squares 745 parameters were refined using 
2128 data. The largest shift over esd was in the z parameter of 0(1W) at 0.5, 
with an average value for all parameters of less than 0.1. In the final difference 
Fourier map the largest peak was 0.21eA 3, and the deepest trough was 
0.30eA 3 . The final R factor was 0.0505 with Rw  at 0.0534. 
Brucine geometry 
As would be expected, the geometry of the brucinium ions in this structure 
differs little from that of the previous structure, and similarly some of the 
anomalies in the geometry are more prominent in one molecule than the other. 
This is shown in the distances around the protonated nitrogen. 
	
C(9)-N(2) 	1.539(10) 	C(9')-N(2') 	1.556(11) 	A 
C(10)-N(2) 1.522(11) C(10')-N(2') 1.494(11) 
C(15)-N(2) 	1.517(11) 	C(15')-N(2') 	1.524(11) 
This is also seen in the angles inside the aromatic ring, with two opposing 
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angles (at C(2) andC(5)) equivalent in the unprimed molecule, but narrower at 
C(2) in the primed molecule. 
C(1)-C(2)-C(3) 	118.4(8) 	C(1')-C(2')-C(3 1 ) 	116.8(8) 
C(4)-C(5)-C(6) 119.0(8) C(4')-C(5')-C(6') 119.8(8) 
Ring III is again the only really flexible part of the brucine ion, with values in 
this structure for the wide sp 3 carbon angle at C(20) of 
C(19)-C(20)-C(21) 	116.3(7) 	C(19')-C(20')-C(21') 	117.2(7) 	° 
and for the associated flexible torsion of 
C(19)-C(20)-C(21)-N(1) -40.2(11) -37.8(11) 0 . 
The methoxy groups are less in the plane of the aromatic group than in the 
previous structure, and these torsion angles are 
	
C(22)-0(3)-C(3)-C(2) -4.3(11) 	C(22' )-O(3' )-C(3' )-C(2' ) -6.2(12) 0 
C(23)-0(4)-C(4)-C(5) 	9.5(13) 	C(23' )-O(4' )-C(4' )-C(5' ) 11.3(12) 
with angles at the oxygen atoms of 
C(22)-0(3)-C(3) 	114.7(6) 	C(22')-0(3')-C(3') 	116.9(7) 
C(23)-0(4)-C(4) 117.0(7) C(23')-0(4')-C(4') 115.8(7) 
These twisted methoxy groups still bend away from the rest of the brucine 
molecule with angles of 
0(3)-C(3)-C(2) 	124.6(7) 	0(3)-C(3)-C(4) 
	
114.7(7) 	0 
0(4)-C(4)-C(5) 124.9(8) 0(4)-C(4)-C(3) 115.0(8) 
0(3')-C(3)-C(2') 	123.3(8) 	0(3')-C(3')-C(4') 
	
116.0(8) 
0(4' )-C(4' )-C(5' ) 	125.5(8) 0(4' )-C(4' )-C(3' 113.9(7) 
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(211,313) Tartrate geometry 
The tartrate ion in this structure is in the common extended backbone 
conformation, with the torsion angle C(30)-C(31)-C(32)-C(33) at 173.1(8) °, 
however as in the brucine bitartrate the hydroxyl oxygens are slightly twisted 
out of the carboxyl plane with torsions 0(31)-C(31)-C(30)-0(301) at 12.8(11) 0 
and 0(32)-C(32)-C(33)-0(331) 14.2(13) 0. The C-O bond lengths around each 





C(30)-0(302) 1.240(12) C(33)-0(332) 	1.242(13) 
Hydrogen bonding 
The hydrogen bonding network in this salt is not quite so extensive as in 
the previous salt (a packing diagram of 3.4 is shown in fig 3.4a). It is also 
easier to identify which 0.0 contacts are hydrogen bonds as there is a jump in 
the intermolecular 0..0 contact distances from 3.011A to 3.403A. Of the eight 
water molecules, seven donate two hydrogen bonds and accept only one, while 
0(1W) donates and accepts two hydrogen bonds. The salt bridges formed 
between each end of the tartrate ion and the brucines are, unlike the previous 
bitartrate, single direct hydrogen bonds with the geometry 
N..0 dist A 	H..0 dist A 	N-H. .0 angle ° 
N(2)..0(302) 	2.628(9) 1.553 172.3 
N(2')..0(332) 2.813(9) 	 2.056 	 124.6 
indicating that the hydrogen bonds are not of equal strength, with N(2)..0(302) 
approximatly three times as strong as N(2')..0(332). The second main feature of 
the hydrogen bonding is a continuous chain of hydrogen bonded atoms which 
runs parallel to the z direction. This chain contains five of the eight water 
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molecules and the 0..0 distances are given below in the order donor..acceptor. 
0(1W)..0(4W) 2.780(11) 0(4W)..0(7W) 2.743(11)A 
0(7W)..0(6W) 2.803(11) 0(6W)..0(5W) 2.829(11) 
0(5W). .0(1W) 2.865(10) 
All other hydrogen bonding connects to this chain. 0(3W) hydrogen bonds 
directly to each end of the tartrate molecule and provides the only link 
between tartrate molecules in the z direction. 
0(3W)..0(301) 2.749(9) 0(3W)..0(331) 2.745(10)A 
0(5W). .0(3W) 2.820(10) 
0(2W) and 0(8W) form a circular hydrogen bonding network between 0(32) and 
0(331) on the tartrate ion. Additionally 0(2W) hydrogen bonds to 01 on a 
brucine and 0(8W) connects to the chain. 
0(32)..0(8W) 	3.011(12) 0(8W)..0(2W) 2.881(13)A 
0(2W)..0(331) 2.833(11) 0(2W)..0(1) 	2.849(10) 
0(8W). .0(1W) 2.990(12) 
All other hydrogen bonding between tartrate ions occurs via the chain and 
results in either circular hydrogen bonds or links in the x-direction. 
0(1W)..0(332) 2.814(10) 	0(6W)..0(32) 2.931(10)A 
0(7W)..0(302) 2.838(10) 
Additionally 0(4W) donates a hydrogen bond to 0(1') with a 0..0 distance of 
2.839(10) A. 
Other non-bonded interactions 
There are no short non-bonded contacts between the tartrate ion and the 
brucines that cannot be ascribed to the drag in effect of proximity to a 
hydrogen bond. (This can be understood in all the tartrates given the large 
number of hydrogen bonding sites on the small tartrate ion.) The shortest 
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alkaloid-alkaloid distances are not the same as those in the bitartrate salt; they 
do, however, feature the same methyl group C(22). These contacts are 
C(5)..C(22') 	3.509(12) 	C(5')..C(22) 	3.548(12)A 
with an aromatic ring-ring contact associated with the first contact 
C(3)..C(3') 3.564(12) 	C(3)..C(4') 3.610(12) 	C(4)..C(3') 3.631(12)A 
The two rings have an interplanar angle of 13 0 with the centre of the ' plane 
3.65A above the unprimed plane. The contacts to the vinyl group seen in the 
bitartrate are present, but they are longer. 
C(22)..C(17') 	3.594(13) 	C(22')..C(17) 	3.783(13)A 
Overall, there appear to be fewer short C..0 contacts in this. structure than in 
the bitartrate. The two shortest C..O alkaloid alkaloid contacts are between the 
other methoxy methyl group and the ether oxygen 0(2), with a pair of contacts 
between symmetry related brucines along the diagonal of the acface. 
C(23)..0(2) 	3.153(12) 	C(23')..0(2') 	3.224(11)A 
The only other short C..O contacts of interest involve 0(3W) with a contact 
being made to the two independent brucine molecules. 
C(15)..0(3W) 	3.289(11) 	C(13')..0(3W) 	3.274(10)A 
H(151)..0(3W) 2.675 	H(431)..0(3W) 	2.220 
H(152)..0(3W) 	2.958 
At first sight, the packing of the tartrate salt looks very different from the 
bitartrate, but there are many similarities. Both crystals have a lammelar 
structure with hydrogen bonded sheets of ions between layers of brucine. In 
both cstals the brucine layer is grooved, and in both the amide oxygen is 
I 
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situated at the bottom of the groove, but available for hydrogen bonding. The 
position of the amine nitrogen on the wall of the groove is also similar. The 
forces that hold the brucine layers together are the same in both salts, as in 
both no single hydrogen bond or Van der Waals interaction can be identified 
that controls the brucine packing. 
3.5. Brucine Sulphate 
These crystals were formed by recrystallisation of crystals from a solution 
of brucine dissolved in dilute sulphuric acid. The crystal data are given below. 
C23H27N204.(S04 2 )112.7/2H20 M=506.51 space group C2221 
a =12.213(7) 	1, =14.378(5) 	C =26.78(1) A 
U 4702.54 Z =8 D =1.43 g cn( 3 T = 293 K 
MO-Ka radiation, X x = 0.71069 A 4 = 1.45 cm-1 , F(000) = 2160 
The crystal was a needle of dimension O.lxO.lxO.4 mm, which had been cut 
from a larger needle. The crystal was mounted in a Lindemann tube to preclude 
any crystal decay due to solvent loss. Preliminary photography showed the 
lattice to be C centred. Reflection mirroring was apparent on all three axes, and 
this combined with the known chirality of the material and systematic 
absences, implied that the space group was C222 1 . The data were collected on 
a Nonius CAD-4 four circle diffractometer using graphite monochromated MoK 
radiation. The unit cell was refined using 18 reflections ranging in e between 
9.170 and 13.73 0 . The intensity of one reflection was monitored during data 
collection and no appreciable crystal decay was apparent. Data were collected 
to a 8 maximum of 24 0 (h=0 14,k=0 16,1=0 30) with a total of 2057 unique data 
of which 1001 had 1<2a(l). 
The solution of this structure required several attempts. An initial run of the 
direct methods section of the program SHELXS-84 50 using default parameters 
proved unsuccessful, as did an automatic Patterson search 52  using a strychnine 
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molecule as the search fragment. The symmetry of the crystal required one 
brucine and half a sulphate ion per assymmetric unit and this in turn required 
that the sulphur of the sulphate be on a two fold in the structure. This made 
interpretation of the Patterson map slightly easier and the sulphur was placed 
at 0.0,0.5798,0.25. A tangent expansion using SHELXS-84 and this sulphur 
position gave a Fourier map in which a recognisable brucine ion was found. A 
subsequent analysis and rerun of the Patterson search technique by H.J. 
Bruins-Slot, revealed that the rotation search had succeded but the translation 
function had failed. The revised version of the translation function did, however, 
correctly position this orientated brucine and gave a correct solution. The 
brucine ion and sulphur were input to the refinement program 55 and gave an 
initial R-factor of 0.24. Water molecules were found in subsequent difference 
maps with one positioned on a two fold axis. It also became apparent that the 
sulphate ion was disordered, with one of the sulphate's three fold axes 
co-incident with a crystallographic two fold axis. Several models were tried 
during the refinement and the one chosen involved constraining the three 
disordered oxygens to be in a plane perpendicular to the y-axis, forcing all the 
S-O bond lengths to be the same, and all the 0-0 distances to be the S-0 
distance multiplied by 1.63. This model is still imperfect, with the largest peak 
in the final difference Fourier associated with the sulphate ion. Refinement of 
the structure proceeded with each atom having an isotropic thermal parameter, 
and this converged at R=0.13. Hydrogens were added to the brucine ion in 
calculated positions, with fixed thermal parameters, and constrained to ride 
with their parent atom, and the model refined to R=0.09. Hydrogen positions 
could only be found for two of the four water molecules, and these were 
refined with constrained H-0 and H-H distances. All the non hydrogen atoms 
were then refined with anisotropic. thermal parameters. The data were weighted 
according to the scheme 
W= 1 /(a2F+0.00  1 615F 2 ), 
which gave the most even distribution of variance in ranges of sin(e) and 
abs(T). In the final cycle of least squares, 332 parameters were refined, with the 
largest shift over esd being 0.193 on a positional parameter of a water 
molecule hydrogen. The average shift over esd for all the parameters was less 
than 0.05. In the final difference map the largest peak was 0.33 eA 3 and the 
deepest trough 0.24eA 3 . The final R-factor was 0.0603 with Rw at 0.072. 
Brucine geometry 
Due to the inadequate modelling of the disordered sulphate the precision of 
the entire structure is depressed, masking most of the subtle differences 
usually seen from brucine to brucine. The geometry can still be discused in 
terms of agreement with previously identified trends. There is a very slight (not 
significant) difference in the bond lengths around the protonated nitrogen, viz. 
C(9)-N(2) 	1.524(19) 	C(10)-N(2) 	1.514(20) 	C(15)-N(2) 	I.513(20)A. 
The aromatic ring has the angles at C(2) and C(5) narrower than the other ring 
angles, with C(1)-C(2)-C(3) at 116.8(11) 0 and C(4)-C(5)-C(6) at 117.1(11)'. 
Within the flexible. amide containing ring the sp 3 carbon C(20) again has a 
wider angle than that at the neighbouring sp 2 carbon, C(19)-C(20)-C(21) is 
119.2(12) 0 and C(20)-C(21)-N(1) at 114.2(12) 0 The flexible torsion angle 
C(19)-C(20)-C(21)-N(1) has a value of -36.5(18) ° in this structure. The methoxy 
groups are only slightly twisted out of the plane of the aromatic ring with 
torsion angles C(2)-C(3)-0(3)--C(22) at -2.4(17) 0 and C(5)-C(4)-0(4)-C(23) at 
10.0(18) 0 ,. while the asymmetric attachment of the methoxy groups is 
observable. 
C(2)-C(3)-0(3) 	122.5(11) 	C(5)-C(4)-0(4) 	124.6(12) 0 
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C(4)-C(3)-0(3) 	115 .8 ( 11) 	 C(3)-C(4)-0(4) 	115.2 (11) 
Hydrogen Bonding 
The number of water molecules has been previously reported 72 and agrees 
with the number of waters found in this structure determination. Compared to 
the tartrates, the hydrogen bonding in this salt is relatively simple, with a 
single hydrogen bond between the brucine and the sulphate ion (a packing 
diagram of 3.5 is shown in fig 3.5a). This has the' geometry N(2)..0(3S) 
2.777(24) A H(2N)..0(3S) 1.848 and with a N-H..O angle of 141.6 0 . The four 
water molecules form a chain terminated by the amide oxygen and 0(4W), and 
as 0(4W) lies on a two fold this links the amide function of two symmetry 
related brucines. 
O(1W)..0(1) 	2.754(21) 	0(3W)..O(1W) 2.800(23)A 
0(2W)..0(3W) 2.751(20) 	0(4W)..0(2W) 2.804(23) 
Additionally each water molecule except 0(4W) donated a hydrogen bond to 
the sulphate ion. 
O(1W)..0(4S) 2.85(3). 	0(2W)..0(2S)2.945(24) A 
0(3W)..O(1S) 2.795(16) 
The hydrogen bonded pattern is of discrete hydrated sulphate ions linked to 
the brucine via hydrogen bonds to the amide oxygen and the amine nitrogen. 
Other non-bonded interactions 
Even though the packing (shown in Fig 3.5a) looks very different from that 
in the tartrate salt 3.4, the sulphate appears to have many similar non-bonded 
interactions to that salt. The shortest C..0 contact is between the alkaloid 
aromatic rings with C(3)..C(3) at 3.471(17)A and C(3)..C(4) 3.677(18)A. The 
interplanar angle between the two planes is 11.87 0 with the centre of the 
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second ring 3.55A above the plane of the first, allowing the methoxy oxygen 
0(3) to contact C(4) at a distance of 3.355(16)A. The associated 
methyl-aromatic ring contact is the second shortest C.C .  contact C(5)..C(22) 
3.508(19)A. The short C..0 contact seen in the tartrate is also present, but 
occurs between molecules related by a translation in the x direction C(23)..0(2) 
3.347(19)A. There is a shorter alkaloid-alkaloid C..0 contact with C(21) and 0(1) 
making contact about a two fold at a distance of 3.232(17)A, and also a short 
alkaloid water contact C(10)..0(2W) 3.167(22)A. 
Packing 
The packing in the sulphate initially looks very different from that in the 
previous two brucine structures. Examination of the a-axis projection of the 
sulphate (fig 3.5b), however, shows the same interpenetrated wedge motif seen 
in structure 3.3, and a slice from 0.0 to 0.5 in b (fig 3.5c) has the same 'nose to 
tail' ribbon identified in structure 3.3. The difference between the two is that in 
3.3 the ribbons are stacked directly on top of eachother,. while in the sulphate 
there is a shift of half a corrugation along the ribbon direction between each 
succesive ribbon. The closest non-bonded interactions of the sulphate do not 
resemble that of the bitartrate 3.3, but that of the tartrate 3.4. Examination of 
the dimensions of the ac face of the tartrate and the ab face of the sulphate 
shows that the tartrate face can be approximatly inscribed within the sulphate 
one (fig 3.5d), and a 101 projection of the brucine packing in the tartrate (fig 
3.5e) shows a brucine packing very similar to the sulphate, while a view along 
the other ac face diagonal (fig 3.5f) shows the common interpacked wedge 
motif. In the tartrate and sulphate structures, the wedges are inclined towards 
the direction of ribbon stacking. A view perpendicular to each monolayer is 
shown in figure 3.5g and in the tartrate the discreet ribbons can be easily 
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delineated in the bitartrate, however, with each brucine more or less 
equidistant from the four others that surround it in the layer. 
No single interaction can be identified as responsible for ribbon formation, 
and the driving force towards formation seems to be the efficiency with which 
these ribbons can be packed 'together. It is also not clear what causes the 
selection of one or other of the ribbon types. The (-) tartrate formed a 
bitartrate, while under similar crystallising conditions the (+)tartrate a full 
tartrate and this fits with the observation that the acid and neutral salts of 
tartaric acid often resolve opposite enantiomers of a racemic base 73 . The exact 
reasons for this are unknown, but it can be said that larger channelled 
corrugated monolayer gives more space for the two tightly hydrogen bonded 
columns. of bitartrate, and the single tartrate ion fits the smaller channels 
available in the offset monolayer. 
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Strychnine bond lengths in A from 
3.1 3.2 3.2' 
C(1) - 	 C(2) 1.384(5) 1.402(13) 1.361(13) 
C(1) - 	 C(6) 1.394(5) 1.387(12) 1.404(12) 
C(1) - 	 N(1) 1.412(4) 1.390(11) 1.413(11) 
C(2) - 	 C(3) 1.391(5) 1.419(15) 1.385(16) 
C(3) - 	 C(4) 1.390(6) 1.365(16) 1.325(16) 
C(4) - 	 C(S) 1.372(6) 1.392(15) 1.447(15) 
C(5) - 	 C(6) 1.373(5) 1.380(13) 1.375(13) 
C(6) - 	 C(7) 1.511(5) 1.524(12) 1.539(11) 
C(7) - 	 C(8) 1.559(5) 1.567(11) 1.541(11) 
C(7) - 	 C(9) 1.530(5) 1.515(12) 1.530(12) 
C(7) - 	 C(11) 1.537(5) 1.531(12) 1.533(12) 
C(8) - 	 C(14) 1.517(4) 1.537(11) 1.525(11) 
 - 	 N(1) 1.494(4) 1.475(10) 1.489(10) 
 - 	 C(12) 1.520(5) 1.517(12) 1.482(13) 
C(9) - 	 N(2) 1.545(5) 1.521(11) 1.559(12) 
C(10) - 	 C(11) 1.508(6) 1.484(13) 1.524(13) 
C(10) - 	 N(2) 1.512(5) 1.515(12) 1.468(13) 
 - 	 C(13) 1.524(5) 1.521(12) 1.553(12) 
 - 	 C(14) 1.535(4) 1.528(11) 1.524(11) 
C(13) - 	 C(16) 1.519(5) 1.507(12) 1.515(12) 
 - 	 C(19) 1.524(5). 1.515(12) 1.541(12) 
 - 	 C(16) 1.493(5) 1.491(13) 1.490(13) 
C(15) - 	 N(2) 1.515(5) 1.524(12) 1.525(13) 
 - 	 C(17) 1.336(5) 1.314(13) 1.314(13) 
 - 	 C(18) 1.490(6) 1.505(14) 1.462(16) 
 - 	 0(2) 1.425(5) 1.446(12) 1.416(14) 
 - 	 C(20) 1.529(5) 1.521(13) 1.486(13) 
C(19) - 	 0(2) 1.431(4) 1.432(11) 1.430(11) 
 - 	 C(21) 1.506(5) 1.493(14) 1.542(13) 
C(21).- N(1) 1.374(4), 1.358(11) 1.372(11) 
 - 	 0(1) 1.214(4) 1.246(12) 1.207(12) 
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Strychnine bond angles in ° from 
3.1 3.2 3.2' 
C(2) 	- C(1) - 	 C(6) 121.0(3) 120.4(8) 121.1(8) 
C(2) 	- C(l) - 	 N(l) 128.5(3) 128.5(8) 129.7(8) 
C(6) 	- C(1) - 	 N(l) 110.5(3) 111.0(7) 109.2(7) 
C(l) 	- C(2) - 	 C(3) 117.5(3) 116.4(9) 117.1(10) 
C(2) 	- C(3) - 	 C(4) 121.4(4) 122.4(10) 123.9(11) 
-  - 	 C(S) 120.1(4) 120.5(10) 120.4(10) 
C(4) 	- C(5) - 	 C(6) 119.6(4) 118.1(9) 115.8(9) 
C(l) 	- C(6) - 	 C(S) 120.3(3) 122.1(8) 121.7(8) 
C(1) 	- C(6) - 	 C(7) 109.8(3) 109.6(7) 109.6(7) 
C(5) 	- C(6) - 	 C(7) 129.6(3) 128.0(8) 128.6(8) 
C(6) 	- C(7) - 	 C(8) 102.5(3) 101.8(6) 103.0(6) 
C(6) 	- C(7) - 	 C(9) 116.6(3) 115.8(7) 115.3(7) 
C(6) 	-  - 	 C(11) 110.6(3) 112.4(7) 110.0(7) 
- C(7) - 	 C(9) 114.9(3) 114.7(7) 113.7(7) 
C(8) 	- C(7) - 	 C(11) 111.0(3) 111.3(6) 111.9(6) 
C(9) 	- C(7) - 	 C(11) 101.5(3) 101.3(7) 103.1(7) 
C(7) 	- C(8) - 	 C(14) 116.5(3) 116.4(6) 117.8(6) 
-  - 	 N(1) 104.54(24) 104.4(6) 104.2(6) 
C(14) 	- C(8) - 	 N(1) 107.51(25) 106.9(6) 106.7(6) 
C(7) 	- C(9) - 	 C(12) 115.4(3) 116.1(7) 116.2(7) 
C(7) 	- C(9) - 	 b(2) 104.9(3) 105.2(7) 103.0(7) 
.C(12) 	- C(9) - 	 N(2) 110.0(3) 109.1(7) 112.7(7) 
C(11) 	-  - 	 N(2) 104.0(3) 103.9(7) 105.4(8) 
C(7) 	-  - 	 C(10) 104.5(3) 104.7(7) 102.0(7) 
C(9) 	- C(12) - 	 C(13). 108.3(3) 109.0(7) 107.8(7) 
C(12) 	- C(13) - 	 C(14) 107.0(3) 107.2(7) 106.1(7) 
C(12) 	- C(13) - 	 C(16) 109.0(3) 109.5(7) 109.5(7) 
C(14)- C(13) - 	 C(16) 114.4(3) 113.6(7) 114.4(7) 
C(8) 	- C(14) - 	C(13) 111.6(3) 112.6(6) 111.8(7) 
C(8) 	- C(14) - 	 C(19) 107.1(3) 107.4(7) 107.9(7) 
C(13) 	- C(14) -. 	C(19) 118.1(3) 119.5(7) 118.9(7) 
C(16) 	- C(15) - 	 N(2) 108.7(3) 109.3(7) 109.1(8) 
C(13) - 	 C(16) -C(l5) 116.3(3) 115.9(7) 116.6(7) 
C(13) - 	 C(16) - 	 C(17) 123.7(3) 124.1(8) 120.1(8) 
C(15) - 	 C(16) - 	 C(17) 120.0(3) 120.0(8) 123.3(8) 
C(16) - 	 C(17) - 	 C(18) 122.9(3) 120.7(9) 126.4(10) 
C(17) - 	 C(18) - 	 0(2) 112.8(3) 111.6(8) 111.1(9) 
C(14) - 	 C(19) - 	 C(20) 110.3(3) 110.7(7) 110.7(7) 
C(14) - 	 C(19) - 	 0(2) 113.2(3) 114.8(7) 114.0(7) 
C(20) - 	 C(19) - 	 0(2) 105.9(3) 103.0(7) 105.3(7) 
 - 	 C(20) - 	 C(21) 118.3(3) 117.0(8) 117.9(8) 
 - 	 C(21) - 	 N(1) 117.1(3) 115.4(8) 115.3(7) 
'C(20) - 	 C(21) -0(1) 121.2(3) 122.4(9) 121.9(8) 
N(1) - 	 C(21) - 	 0(1) 121.7(3) 122.1(9) 122.8(8) 
C(1) - 	 N(1) - 	 C(8) 109.24(25) 110.1(6) 110.7(6) 
C(1) - 	 N(1) - 	 C(21) 124.1(3) 125.4(7) 123.3(7) 
C(8.) - 	 N(1) - 	 C(21) 119.1(3) 117.8(7) 118.4(7) 
C(9) - 	 N(2) - 	 C(10) 107.5(3) 107.3(7) 108.2(7) 
C(9) - 	 N(2) - 	 C(15) 113.4(3) 114.7(7) 111.7(7) 
C(10) - 	 N(2) - 	 0(15) 111.9(3) 112.4(7) 113.7(7) 
C(18) - 	 0(2) - 	 C(19) 115.1(3) 115.4(7) 116.0(7) 
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Strychnine torsion angle in ° from 
3.1 3.2 3.2' 
C(6) 	- C(l) - 	 C(2) 	- C(3) 3.7(5) 0.0(14) 1.8(14) 
N(l) - C(l) - 	 C(2) - C(3) -177.0(3) -177.7(9) -179.1(9) 
C(2) 	- C(l) - 	 C(6) 	- C(5) -5.4(5) 1.0(14) -2.5(14) 
C(2) - C(l) - 	 C(6) - C(7) 169.1(3) 176.0(8) 175.2(8) 
N(l) 	- C(l) - 	 C(6) 	- C(S) 175.2(3) 178.9(8) 178.2(8) 
N(l) - C(l) - 	 C(6) - C(7) -10.3(4) -6.0(10) -4.1(9) 
C(2) 	- C(l) - 	 N(1) 	- C(8) 178.6(3) 171.7(9) 172.8(9) 
C(2) - C(1) - 	 N(1) - C(21) 29.6(5) 21.6(14) 23.7(14) 
C(6) 	- C(l) - 	 N(1) 	- C(8) -2.0(4) -6.0(9) -8.0(9) 
C(6) - C(1) - 	 N(1) - C(21) -151.0(3) -156.2(8) -157.0(8) 
C(1) 	- C(2) - 	 C(3) 	- C(4) 0.2(6) 0.2(16) -1.0(17) 
-  - 	 C(4) - C(S) -2.6(6) -1.2(17) 0.7(18) 
C(3) 	- C(4) - 	 C(5) 	- C(6) 0.9(6) 2.0(16) -1.2(15) 
C(4) - C(5) - 	 C(6) - C(1) 2.9(6) -1.9(14) 2.0(14) 
C(4) 	- C(S) - 	 C(6) 	- C(7) -170.3(4) -176.0(9) -175.2(9) 
C(1) - C(6) - 	 C(7) - C(8) 17.4(3) 14.4(8) 13.7(8) 
C(1) 	- C(6) - 	 C(7) 	- C(9) 143.8(3) 139.6(8) 138.2(7) 
C(1) - C(6) - 	 C(7) - C(11) -101.0(3) -104.7(8) -105.7(8) 
C(5) 	- C(6) - 	 C(7) 	- C(8) -168.7(4) -170.9(9) -168.8(9) 
C(S) - C(6) - 	 C(7) - C(9) -42.4(5) -45.8(12) -44.3(12) 
C(S) 	- C(6) - 	 C(7) 	- C(11) 72.9(5) 70.0(11) 71.8(11) 
C(6) - C(7) - 	 C(8) - C(14) 100.8(3) 100.6(7) 100.6(7) 
C(6) 	- C(7) - 	 C(8) 	- N(1) -17.7(3) -17.0(7) -17.4(7) 
C(9) - C(7) - 	 C(8) - C(14) -26.6(4) -25.3(9) -25.0(10) 
C(9) 	- C(7) - 	 C(8) 	- N(1) -145.1(3) -142.9(7) -142.9(7) 
C(11) 	- C(7) - 	 C(8) - C(14) -141.0(3) -139.5(7) -141.3(7) 
C(11) 	- C(7) - 	 C(8) 	- N(1) 100.5(3) 102.9(7) 100.7(7) 
C(6) - C(7) - 	 C(9) - C(12) -86.8(4) -85.0(9) -84.4(9) 
C(6) 	- C(7) - 	 C(9) 	- N(2) 152.0(3) 154.4(7) 151.9(7) 
C(8) - C(7) - 	 C(9) - C(12) 33.2(4) 33.3(10) 34.3(10) 
C(8) 	- C(7) - 	 C(9) 	- N(2) -88.0(3) -87.4(8) -89.4(8) 
C(11) 	- C(7) - 	 C(9) - C(12) 153.0(3) 153.2(7) 155.7(8) 
C(11) 	- C(7) C(9) 	- N(2) 31.8(3) 32.5(8) 32.0(8) 
C(6) - C(7) - 	 C(11) 	- C(10) -166.8(3) -166.9(7) -166.3(7) 
C(8) 	- C(7) - 	 C(11) 	- C(10) 80.1(3) 79.7(8) 79.8(8) 
C(9) - C(7) - 	 C(11) 	- C(10) -42.4(3) -42.6(8) -42.8(8) 
-  - 	 C(14) 	- C(13) 42.1(4) 39.9(9) 40.3(9) 
-  - 	 C(14) 	- C(19) 172.8(3) 173.4(6) 172.8(6) 
N(1) 	- C(8) - 	 C(14) 	- C(13) 158.93(25)156.1(6) 156.9(6) 
N(1) - C(8) - 	 C(14) 	- C(19) -70.4(3) -70.4(8) -70.6(8) 
C(7) - 	 C(8) - 	 N(1) - 	 C(1) 12.8(3) 14.9(8) 16.3(8) 
C(7) - 	 C(8) - 	 N(1) - 	 C(21) 163.6(3) 167.6(7) 167.1(7) 
C(14) - 	 C(8) - 	 N(1) - 	 C(1) -111.6(3) -109.1(7) -109.0(7) 
C(14) - 	 C(8) - 	 N(1) - 	 C(21) 39.1(4) 43.6(9) 41.8(9) 
C(7) - 	 C(9) - 	 C(12) - 	 C(13) -54.9(4) -55.3(9) -57.2(10) 
N(2) - 	 C(9) - 	 C(12) - 	 C(13) 63.6(3) 63.3(8) 61.3(9) 
C(7) - 	 C(9) - 	 N(2) - 	 C(10) -10.6(3) -11.8(9) -9.4(9) 
C(7) - 	 C(9) - 	 N(2) - 	 C(15) 113.7(3) 113.9(8) 116.5(8) 
C(12) - 	 C(9) - 	 N(2) - 	 C(10) -135.3(3) -137.0(7) -135.5(8) 
C(12) - 	 C(9) - 	 N(2) - 	 C(15) -11.0(4) -11.3(10) -9.6(10) 
N(2) - 	 C(10) - 	 C(11) - 	 C(7) 36.1(4) 35.5(9) 37.1(9) 
C(11) - 	 C(10) - 	 N(2) - 	 C(9) -15.6(4) -14.6(9) -17.2(9) 
C(11) - 	 C(10) - 	 N(2) - 	 C(15) -140.8(3) -141.6(7) -141.9(8) 
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C(9) 	- C(12) 	- C(13) 	- C(14) 68.7(3) 67.5(8) 69.4(8) 
C(9) 	- C(12) 	- C(13) 	- C(16) -55.4(3) -56.2(9) -54.4(9) 
C(12) 	- C(13) 	- C(14) 	- C(8) -63.0(3) -60.5(8) -61.0(8) 
C(12) 	- C(13) 	- C(14) 	- C(19) 172.3(3) 172.1(7) 172.2(7) 
C(16) 	- C(13) 	- C(14) 	- C(8) 57.8(3) 60.5(9) 59.8(9) 
C(16) 	- C(13) 	- C(14) 	- C(19) -66.9(4) -66.8(10) -67.0(10) 
C(12) 	- C(13) 	- C(16) 	- C(15) -3.8(4) -2.6(10) -3.2(10) 
C(12) 	- C(13) 	- C(16) 	- C(17) 176.1(3) 179.8(8) 177.9(8) 
C(14) 	- C(13) 	- C(16) 	- C(15) -123.5(3) -122.3(8) -122.1(8) 
C(14) 	- C(13) 	- C(16) 	- C(17) 56.4(4) 60.0(11) 59.1(11) 
C(8) 	- C(14) 	- C(19) 	- C(20) 51.4(3) 40.2(9) 44.3(9) 
C(8) 	- C(14) 	- C(19) 	- 0(2) -66.9(3) -75.8(8) -74.2(8) 
- - C(19) 	- C(20) 178.4(3) 169.9(7) 173.0(7) 
C(13) 	- C(14) 	- C(19) 	- 0(2) 60.0(4) 53.9(10) 54.5(10) 
N(2) 	- C(15) 	- C(16) 	- C(13) 55.0(4) 52.6(10) 54.6(10) 
N(2) 	- - - C(17) -124.9(4) -129.7(9) -126.7(10) 
C(16) 	- C(15) 	- N(2) 	- C(9) -45.8(4) -44.5(9) -47.0(10) 
C(16) 	- C(15) 	- N(2) 	- C(10) 76.1(4) 78.5(9) 75.8(9) 
C(13) 	- C(16) 	- C(17) 	- C(18) -3.6(6) -3.4(14) -3.3(15) 
C(15) 	- C(16) 	- C(17) 	- C(18) 176.2(3) 179.1(8) 178.0(10) 
C(16) 	- C(17) 	- C(18) 	- 0(2) -60.6(5) -65.0(12) -63.4(14) 
C(17) 	- C(18) 	- 0(2) 	- C(19) 87.1(4) 87.3(9) 86.0(10) 
C(14) 	- C(19) 	- C(20) 	- C(21) -3.6(4) 13.5(11) 8.0(11) 
0(2) 	- C(19) 	- C(20) 	- C(21) 119.1(3) 136.6(8) 131.6(8) 
C(14) 	- C(19) 	- 0(2) 	- C(18) -70.9(4) -64.3(10) -65.8(10) 
C(20) 	- C(19) 	- 0(2) 	- C(18) 168.2(3) 175.4(7) 172.6(8) 
C(19) 	- C(20) 	- C(21) 	- N(1) -29.0(5) -43.0(12) -38.4(12) 
C(19) 	- C(20) 	- C(21) 	- 0(1) 151.3(4) 136.6(10) 143.0(9) 
C(20) 	- C(21) 	- N(1) 	- C(1) 156.1(3) 159.7(8) 157.7(8) 
- - N(1) 	- C(8) 9.9(4) 11.5(11) 10.9(11) 
0(1) 	- C(21) 	- N(1) 	- C(1) -24.2(5) -19.9(14) -23.6(13) 
0(1) 	- C(21) 	- N(1) 	- C(8) -170.4(3) -168.1(8) -170.5(8) 
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(Bi)Tartrate bond lengths in A from 
3.1 	3.2 
C(30) - 	 C(31) 1.546(4) 	1.505(21) 
C(30) -0(301) 1.252(4) 1.178(20) 
 -0(302) 1.228(4) 	1.236(24) 
 - 	 C(32) 1.518(5) 1.435(22) 
C(31) - 	 0(31) 1.401(4) 	1.393(18) 
C(32) - 	 C(33) 1.521(4) 1.60(3) 
C(32) - 	 0(32) 1.405(4) 	1.42(3) 
C(33) -0(331) 1.297(4) 1.181(25) 
C(33) - 0(332) 1.197(4) 	1.19(3) 
C(31) -H(31C) 1.04(4) 
C(32) - H(32C) 0.96(4) 
0(31) - H(310) 0.81(4) 
0(32) - 11(320) 0.90(4) 
0(331) - 	 11(331) 0.94(4) 
(Bi)Tartrate bond angles in ° from 
3.1 	3.2 
C(31) - 	 C(30) 	- 0(301) 	116.4(3) 120.3(14) 
C(31) - 	 C(30) 	- 0(302) 117.7(3) 	118.1(15) 
0(301) - 	 C(30) 	- 0(302) 	125.9(3) 121.6(17) 
C(30) - 	 C(31) 	- C(32) 110.7(3) 	110.1(12) 
C(30) - 	 C(31) 	- 0(31) 	112.0(3) 111.9(12) 
C(32) - 	 C(31) 	- 0(31) 108.8(3) 	114.0(12) 
C(31) - 	 C(32) 	- C(33) 	111.8(3) 112.6(14) 
C(31) - 	 C(32) 	- 0(32) 111.0(3) 	107.7(15) 
C(33) - 	 C(32) 	- 0(32) 	110.0(3) 102.9(15) 
C(32) - 	 C(33) 	- 0(331) 115.1(3) 	115.7(17) 
C(32) - 	 C(33) 	- 0(332) 	120.0(3) 123.9(19) 
0(331) - 	 C(33) 	- 0(332) 124.9(3) 	120.4(21) 
C(30) - 	 C(31) 	- H(31C) 	103.5(22) 
C(32) - 	 C(31) 	- H(31C) 111.7(22) 
0(31) - 	 C(31) 	- H(31C) 	110.1(22) 
C(31) - 	 C(32) 	- H(32C) 108.6(25) 
C(33) - 	 C(32) 	- H(32C) 	103.9(25) 
0(32) - 	 C(32) 	- H(32C) 111.3(25) 
C(31) - 	 0(31) 	- 11(310) 	117(3) 
 - 	 0(32) 	- 11(320) 110(3) 
 - 0(331) 	- 11(331) 	111.8(24) 
(Bi)Tartrate torsion angles in 0  from 
3.1 3.2 
0(301) - 	 C(30) 	- C(31) 	- 	C(32) 	-61.5(4) 	-123.5(16) 
0(301) - 	 C(30) 	- C(31) 	- 	0(31) 176.8(3) 4.4(21) 
0(302) - 	 C(30) 	- C(31) 	- 	C(32) 	120.8(3) 53.2(20) 
0(302) - 	 C(30) 	- C(31) 	- 	0(31) -0.8(4) 	-178.9(15) 
C(30) - 	 C(31) 	- C(32) 	- 	C(33) 	-174.05(25) 179.5(13) 
C(30) - 	 C(31) 	- C(32) 	- 	0(32) -50.8(3) 66.8(17) 
0(31) - 	 C(31) 	- C(32) 	- 	C(33) 	-50.6(3) 52.8(18) 
0(31) - 	 C(31) 	- C(32) 	- 	0(32) 72.6(3) -59.9(18) 
C(31) - 	 C(32) 	- C(33) 	- 0(331) 	-52.5(4) 65.5(22) 
C(31) - 	 C(32) 	- C(33) 	- 0(332) 128.3(3) 	-116.9(22) 
0(32) - 	 C(32) 	- C(33) 	- 0(331) 	-176.3(3) -178.9(18) 
0(32) - 	 C(32) 	- C(33) 	- 0(332) 4.5(4) -1(3) 
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P(301) 	- C(30) 	- C(31) - H(31C) 58.3(23) 
0(302) 	-  - 	 C(31) - H(31C) -119.4(23) 
C(30) 	-  - 	 C(32) - H(32C) 71(3) 
0(31) 	- C(31) - 	 C(32) - H(32C) -164(3) 
H(31C) 	- C(31) - 	 C(32) - 	 C(33) 71.2(24) 
H(31C) 	- C(31) - 	 C(32) - 	 0(32) -165.6(24) 
H(31C) 	- C(31) - 	 C(32) - H(32C) -42(4) 
C(30) 	- C(31) - 	 0(31) - H(310) -23(3) 
C(32) 	- C(31) - 	 0(31) - H(310) -146(3) 
H(31C) 	- C(31) - 	 0(31) - H(310) 90(4) 
H(32C) 	- C(32) - 	 C(33) - 0(331) 64(3) 
H(32C) 	- C(32) - 	 C(33) - 0(332) -114(3) 
C(31) 	- C(32) - 	 0(32) - 11(320) -122(3) 
C(33) 	- C(32) - 	 0(32) - 11(320) 2(3) 
H(32C) 	-  - 	 0(32) - 	 11(320) 116(4) 
C(32) 	-  - 0(331) - 	 11(331) -170(3) 
0(332) 	- C(33) - 0(331) - 	 11(331) 8(3) 
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Water bond lengths and angles from 3.1 
0(1W) - H(11W) 	0.90(4) 	0(1W) - H(12W) 	0.81(5) 
0(2W) - H(21W) 0.83(4) 0(2W) - H(22W) 0.82(4) 
0(3W) - H(31W) 	0.93(4) 	0(3W) - H(32W) 	0.92(4) 
11(11W) - 0(1W) - 11(12W) 
	
105 ( 4) 
11(21W) - 0(2W).- 11(22W) 104(4) 




Brucirie bond lengths in A from 
3.3 3.3' 3.4 3.4' 3.5 
C(l) 	-C(2) 1.396(6) 1.392(6) 1.373(12) 1.379(12) 1.382(17) 
C(l) 	-C(6) 1.379(6) 1.370(6) 1.374(11) 1.400(12) 1.365(18) 
C(l) 	-N(l) 1.417(6) 1.427(6) 1.415(10) 1.429(10) 1.434(16) 
C(2) 	-C(3) 1.378(6) 1.390(6) 1.380(12) 1.422(12) 1.392(17) 
C(3) 	-C(4) 1.405(6) 1.397(7) 1.416(12) 1.422(12) 1.398(18) 
C(3) 	-0(3) 1.363(6) 1.373(6) 1.378(10) 1.346(10) 1.346(15) 
C(4) 	-C(5) 1.391(7) 1.379(6) 1.369(13) 1.350(12) 1.407(18) 
C(4) 	-0(4) 1.375(6) 1.382(6) 1.364(11) 1.355(10) 1.341(16) 
C(5) 	-C(6) 1.403(6) 1.387(6) 1.414(12) 1.402(12) 1.392(17) 
C(6) 	-C(7) 1.514(6) 1.515(6) 1.508(11) 1.499(11) 1.501(18) 
C(7) 	-C(8) 1.572(6) 1.576(6) 1.567(11) 1.552(11) 1.550(18) 
C(7) 	-C(9) 1.543(6) 1.541(6) 1.543(11) 1.557(11) 1.521(20) 
C(7) 	-C(11) 1.536(6) 1.533(6) 1.541(11) 1.528(12) 1.546(19) 
C(8) 	-C(14) 1.535(6) 1.528(6) 1.528(11) 1.531(12) 1.534(18) 
-N(1) 1.477(6) 1.466(6) 1.462(10) 1.498(11) 1.478(16) 
-C(12) 1.521(7) 1.497(7) 1.506(11) 1.512(11) 1.550(21) 
C(9) 	-N(2). 1.528(6) 1.549(6) 1.539(10) 1.555(11) 1.525(19) 
C(10)-C(11) 1.523(6) 1.525(7) 1.515(12) 1.547(12) 1.479(20) 
C(10)-N(2) 1.502(6) 1.510(6) 1.522(11) 1.494(11) 1.514(20) 
C(12)-C(13) 1.536(6) 1.548(7) 1.541(11) 1.540(11) 1.544(21) 
C(13)-C(14) 1.519(6) 1.538(6) 1.520(12) 1.531(12) 1.547(20) 
C(13)-C(16) 1.513(6) 1.505(7) 1.529(12) 1.517(12) 1.525(21) 
C(14)-C(19) 1.536(6) 1.547(7) 1.540(12) 1.541(12) 1.541(19) 
C(15)-C(16) 1.504(7) 1.513(7) 1.484(12) 1.522(12) 1.485(23) 
C(15)-N(2) 1.517(6) 1.509(6) 1.517(11) 1.524(11) 1.513(20) 
C(16)-C(17) 1.326(7) 1.333(7) 1.319(13) 1.329(12) 1.363(22) 
C(17)-C(18) 1.513(7) 1.495(7) 1.481(13) 1.461(13) 1.472(22) 
C(18)-0(2) 1.438(6) 1.422(6) 1.443(11) 1.451(11) 1.439(19) 
C(19)-C(20) 1.545(7) 1.541(7) 1.559(12) 1.517(12) 1.539(19) 
C(19)-0(2) 1.432(6) 1.427(6) 1.407(10) 1.428(10) 1.406(17) 
C(20)-C(21) 1.490(7) 1.507(7) 1.519(12) 1.542(12) 1.498(20) 
C(21)-N(1) 1.364(6) 1.361(6) 1.342(11) 1.345(11) 1.359(18) 
C(21)-0(1) 1.227(6) 1.217(7) 1.249(11) 1.215(11) 1.238(17) 
C(22)-0(3) 1.429(6) 1.439(6) 1.434(11) 1.423(11) 1.422(17) 
C(23)-0(4) 1.424(7) 1.450(7) 1.427(12) 1.414(11) 1.423(18) 
Brucine bond angles in ° from 
3.3 	3.3' 	3.4 	3.4' 	3.5 
C(2) -C(l) -C(6) 	121.9(4) 122.4(4) 122.2(7) 122.3(8) 122.4(12) 
C(2) -C(l) -N(1) 128.3(4) 127.4(4) 128.2(7) 127.9(7) 128.4(11) 
C(6) -C(1) -N(l) 	109.9(4) 110.2(4) 109.5(7) 109.7(7) 109.1(11) 
C(l) -C(2) -C(3) 	118.3(4) 116.6(4) 118.4(8) 116.8(8) 116.8(11) 
C(2) -C(3) -C(4) 	120.5(4) 121.2(4) 120.7(8) 120.7(8) 121.7(12) 
-C(3) -0(3) 123.0(4) 122.4(4). 124.6(7) 123.3(8) 122.5(11) 
C(4) -C(3) -0(3) 	116.4(4) 116.5(4) 114.7(7) 116.1(7) 115.8(11) 
-C(4) -C(S) 120.8(4) 120.8(4) 120.1(8) 120.5(8) 120.2(12) 
C(3) -C(4) -0(4) 	115.6(4) 114.9(4) 115.0(8) 113.9(7) 115.2(11) 
C(S) -C(4) -0(4) 123.6(4) 124.3(4) 124.9(8) 125.5(8) 124.6(12) 
C(4) -C(S) -C(6) 	118.3(4) 118.3(4) 119.0(8) 119.8(8) 117.1(11) 
C(1) -C(6) -C(S) 	120.0(4) 120.5(4) 119.6(7) 119.8(8) 121.4(11) 
C(1) -C(6) -C(7) 110.9(4) 110.5(4) 111.6(7) 109.9(7) 111.4(11) 
C(5) -C(6) -C(7) 	128.7(4) 128.8(4) 128.6(7) 129.9(7) 127.2(11) 
C(6) -C(7) -C(8) 101.5(3) 101.8(3) 100.6(6) 104.2(6) 102.7(10) 
C(6) -C(7) -C(9) 	116.3(4) 115.6(4) 115.1(7) 114.9(7) 117.8(11) 
C(6) -C(7) -C(1l) 111.9(4) 113.6(4) 111.3(6) 111.0(7) 111.9(11) 
C(8) -C(7) -C(9) 	114.1(4) 113.8(4) 115.3(6) 113.8(6) 114.0(11) 
-C(7) -C(11) 111.2(4) 109.6(4) 112.2(6) 110.9(7) 111.3(10) 
-C(7) -C(11) 102.3(4) 102.7(4) 102.8(6) 102.3(6) 	99.5(11) 
C(7) -C(8) -C(14) 116.7(4) 116.3(4) 115.3(6) 116.8(7) 116.4(10) 
C(7) -C(8) -N(1) 	104.8(3) 104.3(3) 105.3(6) 103.8(6) 104.0(10) 
C(14)-C(8) -N(1) 107.2(3) 107.0(3) 107.5(6) 105.1(6) 106.3(10) 
C(7) -C(9) -C(12) 115.6(4) 115.8(4) 115.7(7)115.4(7)114.9(12) 
C(7) -C(9) -t4(2) 	104.6(3) 104.3(3) 103.3(6) 103.2(6) 107.0(11) 
C(12)-C(9) -N(2) 110.6(4) 111.1(4) 109.7(6) 111.1(6) 110.6(12) 
C(11)-C(10)-T(2) 	104.5(4) 104.4(4) 104.8(7) 103.6(7) 105.3(12) 
C(7) -C(11)-C(10) 102.7(4)102.9(4) 102.3(6) 103.6(7) 104.3(11) 
C(9) -C(12)-C(13) 108.4(4) 108.6(4) 109.9(7)108.6(6) 107.7(12) 
C(12)-C(13)-C(14) 106.3(4) 105.5(4) 106.0(6)105.9(6) 104.7(11) 
C(12)-C(13)-C(16) 109.6(4) 109.9(4) 108.3(7) 110.5(7) 108.5(12) 
C(14)-C(13)-C(16) 114.3(4) 114.7(4) 114.4(7) 114.2(7) 114.6(12) 
C(8) -C(14)-C(13) 113.2(4) 113.1(4) 114.9(7) 112.2(7) 112.7(11) 
C(8) -C(14)-C(19) 105.6(4) 106.1(4) 106.8(7) 107.5(7) 106.2(10) 
C(13)-C(14)--C(19) 119.4(4) 118.6(4) 117.3(7) 118.0(7) 117.2(11) 
C(16)-C(15)--N(2) 109.0(4) 109.1(4) 110.6(7) 109.0(7) 108.2(13) 
C(13)-C(16)-C(15) 114.7(4) 115.5(4) 116.8(7) 115.5(7) 119.1(13) 
C(13)-C(16)-C(17) 124.8(4) 123.4(4) 120.0(8) 122.6(8) 119.9(14) 
C(15)-C(16)-C(17) 120.5(4) 121.1(4) 123.2(8) 121.9(8) 121.0(14) 
C(16)-C(17)-C(18) 122.7(4) 123.2(5) 123.5(9) 122.2(8) 122.3(14) 
C(17)-C(18)-0(2) 111.8(4) 112.1(4) 108.9(7) 112.2(7) 110.4(12) 
C(14)-C(19)-C(20) 110.8(4) 110.3(4) 110.5(7) 110.5(7) 109.9(11) 
C(14)-C(19)-0(2) 	113.5(4) 113.6(4) 115.0(7) 114.1(7) 115.7(11) 
C(20)-C(19)-0(2) 105.6(4) 105.5(4) 103.7(6) 104.5(6) 105.2(11) 
C(19)-C(20)-C(21) 118.1(4) 118.1(4) 116.3(7) 117.2(7) 119.2(12) 
C(20)-C(21)--(1) 	117.5(4) 116.3(4) 115.3(7) 115.0(7) 114.2(12) 
C(20)-C(21)-0(1) 120.7(4) 121.4(5) 119.8(8) 120.6(8) 122.5(13) 
N(1) -C(21)-0(1) 	121.8(4) 122.3(5) 124.9(8) 124.3(8) 123.2(13) 
C(1) -N(1) -C(8) 109.9(3) 109.8(4) 109.5(6) 109.6(6) 109.6(10) 
C(1) -N(1) -C(21) 125.6(4) 124.2(4) 125.7(7) 124.1(7) 124.8(11) 
C(8) -N(l) -C(21) 119.6(4) 119.9(4) 119.1(7) 120.2(7) 120.0(11) 
C(9) -N(2) -C(10) 107.9(3) 107.4(3) 107.8(6) 109.1(6) 105.4(11) 
C(9) -N(2) -C(15) 112.8(3) 112.9(3) 114.4(6) 113.4(6) 115.7(11) 
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ç(10)-N(2) -C(15) 112.1(3) 112.6(3) 112.8(6) 112.3(6) 113.3(11) 
C(18)-0(2) -C(19) 114.1(3) 114.3(4) 115.5(6) 114.7(6) 116.8(11) 
-0(3) -C(22)116.7(4) 116.3(4) 114.7(6) 116.9(7) 117.2(10) 
-0(4) -C(23) 117.5(4) 116.8(4) 117.0(7) 115.8(7) 117.0(11) 
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Brucine torsion angles in ° from 
3.3 	3.3' 
C(6) -C(1) -C(2) -C(3) 	1.3(7) 	3.2(7) 
N(1) -C(1) -C(2) -C(3) -176.6(4) 	-175.9(4) 
C(2) -C(l) -C(6) -C(5) 	-2.0(7) -4.2(7) 
C(2) -C(1) -C(6) -C(7) 171.2(4) 	172.7(4) 
N(1) -C(1) -C(6) -C(5) 	176.2(4) 175.0(4) 
N(1) -C(1) -C(6) -C(7) -10.6(5) 	-8.1(5) 
C(2) -C(l) -N(1) -C(8) 	177.0(4) 174.4(4) 
C(2) -C(1) -N(1) -C(21) 22.3(7) 	22.2(7) 
C(6) -C(1) -N(1) -C(8) 	-1.1(5) -4.8(5) 
C(6) -C(1) -N(1) -C(21) -155.8(4) -157.0(4) 
C(1) -C(2) -C(3) -C(4) 	2.8(7) 	0.0(7) 
-C(2) -C(3) -0(3) 179.7(4) 	-179.4(4) 
-C(3) -C(4) -C(S) 	-6.1(7) -2.0(7) 
C(2) -C(3) -C(4) -0(4) 176.9(4) 	176.8(4) 
0(3) -C(3) -C(4) -C(5) 	176.8(4) 177.3(4)- 
0(3) -C(3) -C(4) -0(4) -0.2(6) 	-3.9(6) 
C(2) -C(3) -0(3) -C(22) 	3.0(6) -1.3(6) 
C(4) -C(3) -0(3) -C(22) -180.0(4) 	179.4(4) 
C(3) -ç(4) -C(5) -C(6) 	5.2(7) 1.0(7) 
0(4) -C(4) -C(5) -C(6) -178.0(4) 	-177.6(4) 
C(3) -C(4) -0(4) -C(23) -176.4(4).-174.8(4) 
C(S) -C(4) -0(4) -C(23) 	6.7(7) 	3.9(6) 
C(4) -C(5) -C(6) -C(1) -1.2(7) 2.0(7) 
C(4) -C(S) -C(6) -C(7) 	-173.1(4) 	-174.3(4) 
C(1) -C(6) -C(7) -C(8) 16.8(5) 16.4(5) 
C(1) -C(6) -C(7) -C(9) 	141.2(4) 	140.2(4) 
C(1) -C(6) -C(7) -C(11) -101.8(4) -101.4(5) 
C(S) -C(6) -C(7) -C(8) 	-170.7(4) 	-167.0(4) 
C(S) -C(6) -C(7) -C(9) -46.3(6) -43.1(6) 
C(S) -C(6) -C(7) -C(11) 	70.7(6) 	75.2(6) 
C(6) -C(7) -C(8) -C(14) 102.0(4) 99.4(4) 
C(6) -C(7) -C(8) -N(1) 	-16.4(4) 	-18.1(4) 
C(9) -C(7) -C(8) -C(14) -23.8(5) -25.6(5) 
C(9) -C(7) -C(8) -N(1) 	-142.3(4) 	-143.1(4) 
C(11)-C(7) -C(8) -C(14) -138.8(4) -140.0(4) 
C(11)-C(7) -C(8) -N(1) 	102.8(4). 102.5(4) 
C(6) -C(7) -C(9) -C(12) -84.8(5) 	-82.6(5) 
C(6) -C(7) -C(9) -N(2) 	153.3(4) 155.0(4) 
C(8) -C(7) -C(9) -C(12) 32.8(5) 	34.7(5) 
C(8) -C(7) -C(9) -N(2) 	-89.1(4) -87.7(4) 
C(11)-C(7) -C(9) -C(12) 152.9(4) 	153.2(4) 
C(11)-C(7) -C(9) -N(2) 	31.0(4) 30.8(4) 
C(6) -C(7) -C(11)-C(10) -167.5(4) -168.2(4) 
-C(7) -C(11)-C(10) 	79.8(4) 	78.7(4) 
-C(7) -C(11)-C(10) -42.3(4) -42.7(4) 
C(7) -C(8) -C(14)-C(13) 	39.7(5) 	40.9(5) 
C(7) -C(8) -C(14)-C(19) 172.1(4) 172.5(4) 
N(1) -C(8) -C(14)-C(13) 	156.8(4) 	156.9(4) 
N(1) -C(8) -C(14)-C(19) -70.9(4) -71.5(4) 
C(7) -C(8) -N(1) -C(1) 	11.5(4) 	14.7(4) 
C(7) -C(8) -N(1) -C(21) 168.0(4) 168.3(4) 
C(14)-C(8) -N(1) -C(1) 	-113.1(4) 	-109.1(4) 

























































ç(7) -C(9) -C(12)-C(13) 
N(2) -C(9) -C(12)-C(13) 
C(7) -C(9) -N(2) -C(10) 
C(7) -C(9) -N(2) -C(15) 
C(12)-C(9) -N(2) -C(10) 































C ( 19  ) -C  ( 20  ) -C  ( 21  ) -o  ( 1) 
C(20)-C(21)-N(1) -C(1) 
C(20)-C(21)-N(1) -C(8) 
0(1) -C(21)-N(1) -C(1) 































































































































































































































































































ç(7) -C(9) -C(12)-C(13) 
N(2) -C(9) -C(12)-C(13) 
C(7) -C(9) -N(2) -C(10) 
C(7) -C(9) -N(2) -C(15) 
C(12)-C(9) -N(2) -C(10) 


































0(1) -C(21)-N(1) -C(l) 











































(Bi)Tartrate bond lengths in A from 
	
3.3 	3.3' 	3.4 
C(30) - C(31) 	1.532(7) 	1.503(7) 	1.504(13) 
C(30) -0(301) 1.233(7) 1.236(7) 1.240(12) 
-0(302) 	1.262(6) 	1.284(6) 	1.241(12) 
- C(32) 1.534(7) 1.538(7) 1.511(12) 
C(31) - 0(31) 	1.413(5) 	1.421(6) 	1.452(11) 
C(32) - C(33) 1.521(7) 1.526(7) 1.530(14) 
C(32) -0(32) 	1.405(6) 	1.411(6) 	1.421(11) 
C(33) -0(331) 1.293(6) 1.274(7) 1.232(13) 
C(33) -0(332) 	1.201(6) 	1.225(6) 	1.242(13) 
0(31) -H(310) 0.97(5) 0.96(5) 1.07(7) 
0(32) -11(320) 	0.98(5) 	0.96(5) 	1.08(7) 
0(331) -H(331) 1.01(5) 1.01(5) 
(Bi)Tartrate bond angles in ° from 
3.3 	3.3' 	3.4 
C(31) - C(30) - 0(301) 	118.0(4) 	119.4(5) 117.8(8) 
C(31) - C(30) -0(302) 116.5(4) 116.7(4) 	117.4(8) 
0(301) - C(30) -0(302) 	125.4(5) 	123.8(5) 124.8(9) 
C(30) - C(31) - C(32) 109.3(4) 109.2(4) 	110.7(7) 
C(30) - C(31) - 0(31) 	112.9(4) 	113.0(4) 111.2(7) 
C(32) - C(31) - 0(31) 107.7(4) 107.8(4) 	109.8(7) 
C(31) - C(32) - C(33) 	112.4(4) 	111.9(4) 109.7(7) 
C(31) - C(32) - 0(32) 111.5(4) 110.5(4) 	108.8(7) 
C(33) - C(32) - 0(32) 	108.6(4) 	108.0(4) 112.3(7) 
C(32) - C(33) - 0(331) 114.3(4) 114.5(4) 	119.1(9) 
C(32) - C(33) -0(332) 	121.4(4) 	121.4(5) 116.3(9) 
0(331) - C(33) -0(332) 124.3(5) 124.0(5) 	124.6(10) 
.C(31) - 0(31) - 11(310) 	109(3) 	100(3) 99(4) 
C(32) - 0(32) - 11(320) 107(3) 92(3) 	117(4) 
C(33) - 0(331) - 11(331) 	106(3) 	122(3) 
(Bi)Tartrate Torsion angles in ° from 
3.3 	3.3' 	3.4 
0(30l)-C(30)-C(31)-C(32) 	-76.9(6) -72.2(6) -109.6(9) 
0(301)-C(30)-C(31)-0(31) 163.3(4) 	167.8(5) 	12.8(11) 
0(302)-C(30)--C(31)-C(32) 	100.4(5) 1 04. 3 ( 5 ) 68.9(10) 
0(302)-C(30)-C(31)-0(31) -19.5(6) 	-15.7(6) 	-168.7(8) 
C(30)-C(31)-C(32)-C(33) 	179.4(4) 179.0(4) -173.1(7) 
C(30)-C(31)-C(32)-0(32) -58.5(5) 	-60.6(5) 	63.8(9) 
0(31)-C(31)-C(32)-C(33) 	-57.7(5) -57.9(5) 63.7(9) 
0(31)-C(31)-C(32)--0(32) 64.5(5) 	62.5(5) 	-59.4(8) 
C(31)-C(32)-C(33)-0(33l) 	-46.0(6) -50.5(6) -106.8(10) 
C(31)-C(32)--C(33)-0(332) 134.9(5) 	132.7(5) 	72.0(11) 
0(32)-C(32)-C(33)-0(331) 	-169.9(4) -172.4(4) 14.2(13) 
0(32)-C(32)-C(33)-0(332) 11.1(6) 	10.8(6) 	-167.0(8) 
C(30)- C(31)- 0(31)-H(310) 	-56(3) -52(3) 119(4) 
C(31)- 0(31)-H(310) -176(3) 	-173(3) 	-117(4) 
C(31)-C(32)-0(32)-H(320) 	61(3) 83(3) 137(4) 
C(32)- 0(32)-H(320) -174(3) 	-154(3) 	16(4) 
C(32)- C(33)-0(331)-H(331) 	-169(3) -178(3) 
0(332)-C(33)-0(33l)-H(331) 9(3) 	-2(3) 
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11(11W)- O(1W)-H(12W) 111(5) 11(21W)- 0(2W)-H(22W) 
11(31W)- 0(3W)-H(32W) 109(5) 11(41W)- 0(4W)-11(42W) 
11(51W)- 0(5W)-11(52W) 107(5) 11(61W)- 0(6W)-11(62W) 
11(71W)- 0(7W)-H(72W) 107(5) 11(81W)- 0(8W)-11(82W) 
Water bond lengths and angles from 3.5 
0(1W) - 11(11W) 1.02(10) 0(1W) 	- 11(12W) 







Sulphate ion bond lengths and angles from 3.5 
0(1S) 	1.366(8) S(l) 	- 	0(2S) 1.356(19)A 
S(l) 	- 	0(3S) 1.337(21) S(l) - 	0(4S) 1.351(22) 
0(1S)- S(l) 	- 0(2S) 108.9(9) 0(1S)- S(l) 	- 0(3S) 	109.1(10) 0 
0(1S)- S(l) 	- 0(4S) 108.9(10) 0(2S)- S(l) 	- 0(3S) 110.1(12) 
0(2S)- 5(1) 	- 0(4S) 109.2(12) 0(3S)- S(1) 	- 0(4S) 	110.7(13) 
Water bond lengths and angles from 3.3 
0(1W) 	- 11(11W) 0.99(5) 0(1W) 	- 11(12W) 1.01(5)A 
0(2W) 	- 11(21W) 0.97(5) 0(2W) 	- 11(22W) 0.98(5) 
0(3W) 	- 11(31W) 1.03(4) 0(3W) 	- 11(32W) 1.04(5) 
0(4W) 	- 11(41W) 1.04(5) 0(4W) 	- 11(42W) 1.01(5) 
0(5W) 	- 11(51W) 0.99(5) 
0(6W) 	- 11(61W) 1.00(5) 0(6W) 	- 11(62W) 1.03(5) 
0(7W) 	- 11(71W) 1.00(5) 0(7W) 	- 11(72W) 1.01(5) 
0(8W) 	- 11(81W) 1.05(5) 0(8W) 	- 11(82W) 1.02(5) 
0(9W) 	- 11(91W) 1.01(5) 0(9W) 	- 11(92W) 0.96(5) 
0(10W) 	- 11(01W) 1.02(5) 0(10W) 	- 11(02W) 1.05(5) 
11(11W)- 0(1W)-H(12W) 112(4) 11(21W)- 0(2W)-11(22W) 	118(4) 0 
11(31W)- 0(3W)-H(32W) 98(4) 11(41W)- 0(4W)-11(42W) 107(4) 
11(61W)- 0(6W)-H(62W) 94(4) 11(71W)- 0(7W)-H(72W) 	168(4) 
11(81W)- 0(8W)-H(82W) 130(4) 11(91W)- 0(9W)-H(92W) 127(4) 
H(01W)-0(1OW)-H(02W) 83(4) 
Water bond lengths and angles from 3.4 
0(1W) -11(11W) 1.06(6) 0(1W) - 11(12W) 1.05(6)A 
0(2W) - 	 11(21W) 1.07(6) 0(2W) - 11(22W) 1.07(6) 
0(3W) - 	 11(31W) 1.06(6) 0(3W) - 11(32W) 1.07(6) 
0(4W) - 11(41W) 1.08(6) 0(4W) - 11(42W) 1.08(6) 
0(5W) - 	 11(51W) 1.08(6) 0(5W) - 11(52W) 1.08(6) 
0(6W) - 11(61W) 1.08(6) 0(6W) - 11(62W) 1.07(6) 
0(7W) - 11(71W) 1.08(6) 0(7W) - 11(72W) 1.08(6) 
0(8W) - 11(81W) 1.08(6) 0(8W) - 11(82W) 1.08(6) 




Intermolecular Contacts from structure 3.1 
Intermolecular C -C distances less than 3.6A 
C(2) 	- C(18) (-X ,1/2+Y ,l -z 
C(3) - C(18) (-X ,1/2+Y ,l -Z 
C(4) 	- C(12) (1 +X 	,Y 	,Z 
C(ll) 	- C(16) (1 +X 	,Y 	,Z 
C(3) - C(19) (-X ,1/2+Y 	,l -Z 






C(30) - H(331) 
C(17) - H(lll) 
C(6) - 	 11(13) 
C(1) - 	 11(13) 
(-1 +X ,Y ,Z 
(-1 +X ,Y ,Z 
(1 +X ,Y ,Z 





Intermolecular C -O distances less than 3.4A 
 - 	 0(2) 
 - 	 0(1) 
C(33) - 0(301) 
C(30) - 0(331) 
 - 	 0(2) 
C(15) - 0(302) 
C(9) - 	 0(1W) 
(-X ,1/2+Y ,1 -Z 
(1'-X ,1/2+Y ,1 -Z ) 
(1 +X ,Y ,Z 
(-1 +X ,Y ,Z 
(-X ,1/2+Y ,l -Z 
(X ,Y ,-1 +Z 








Intermolecular H -o distances less than 2.6A 
11(331) - 0(301) (1 +X ,Y 	,Z 	) 1.63(4) 
H(2N) - 0(302) (X ,Y ,-1 +Z ) 1.707(4) 
11(11W) - 	 0(32) (-X ,1/2+Y 	,l -Z 	) 1.90(4) 
11(320) - 	 0(2W) (1 -x ,-1/2+Y ,2 	-Z 	) 1.92(4) 
11(12W) - 0(332) (1 -x ,1/2+Y ,l 	-Z 	) 1.94(5) 
H(21W) - 0(302) (1 +X ,Y 	,Z 	) 1.96(4) 
11(310) - 	 0(1W) (X ,Y ,l 	+Z 	) 1.97(4) 
11(31W) - 0(301) (1 +X ,Y 	,Z 	) 2.05(4) 
11(22W) - 	 0(31) (X ,Y ,Z 	) 2.08(4) 
11(32W) - 	 0(2) (1 -x ,1/2+Y ,l 	-Z 	) 2.11(4) 
11(4) - 	 0(1) (1 -X ,1/2+Y ,1 	-Z 	) 2.387(5) 
11(9) - 	 0(1W) (X ,Y ,Z 	) 2.456(4) 
11(181) - 0(331) (-X ,-1/2+Y 	,1 -Z 	) 2.538(5) 
Intermolecular N -0 distances less than 3.4A 




Intermolecular 0 -o distances less than 3.2A 
0(301) - 0(331) (-1 +X ,Y 	,Z 	) 2.561(3) 
0(332) - 	 0(1W) (1 -x ,-1/2+Y ,i 	-z 	) 2.719(4) 
0(302) - 	 0(2W) (-1 +X ,Y 	,Z 	) 2.722(4) 
0(32) - 	 0(2W) (1 -x ,-1/2+Y ,2 	-Z 	) 2.738(4) 
0(31) - 	 0(1W) (X ,Y ,l 	+Z 	) 2.743(4) 
0(32) - 	 0(1W) (-X ,-1/2+Y ,l -Z 	) 2.790(4) 
0(31) - 	 0(2W) (X ,Y ,Z 	) 2.896(4) 
0(301) - 	 0(3W) (-1 +X ,Y 	,Z 	) 2.916(5) 
0(2) - 	 0(3W) (1 -X ,-1/2+Y ,l 	-Z 	) 2.974(5) 
0(332) - 	 0(2W) (1 -X ,-1/2+Y ,2 	-Z 	) 2.995(4) 
0(302) - 	 0(1W) (X ,Y ,1 	+Z 	) 3.171(4) 
Intermolecular contacts from structure 3.2 
Intermolecular C -c distances less than 3.6A 
C(4') - C(12') 	(1 +X ,Y ,Z 
C(4) 	- C(12) (1 +X ,Y ,Z 
Intermolecular C -H distances less than 2.8A 
C(33) - H(2N') (l+X ,-i +Y 	,l +Z 
C(30) - 	H(2N) (1 +X ,l +Y 	,Z 
C(2) - H(131) (1 +X ,Y ,Z 
C(2') - H(731) (1 +X ,Y ,Z 
C(l) - H(131) (1 +X ,Y ,Z 
C(l - ) - H(731) (1 +X ,Y ,Z 
C(l') - 	H(31) (-1 +X ,l +Y 	,Z 
C(2') - 	H(31) (-1 +X ,l +Y 	,Z 
C(2) - H(631) (X ,-i +Y ,Z 	) 
C(l) - H(631) (X ,-i +1 ,Z 
Intermolecular C -N distances less than 3.6A 
C(33) - N(2') 	(1 +X ,-i +1 ,l +Z 
C(30) 	N(2) (1 +x ,i +Y ,Z 















C(20') - 	0(1) 
C(20) - 	0(1') 
C(15') - 0(332) 
C(12') - 	0(2') 
C(18') - 	0(4W) 
 - 0(331) 
C(10) - 0(302) 
C(12) - 	0(2) 
C(15) - 0(301) 
 - 0(331) 
(-1 +X ,Y ,Z ) 
(X ,Y ,Z 
(-1 +X ,l +1 ,.-1 	+Z 
cx ,l +Y 	,Z 
(-2 +X ,Y ,-i +Z 
(-1 +X ,l +Y- 1 -1 +Z 
(-1 +X ,-i +1 ,Z 
(X i - i +7 ,Z 
(-1 +X ,-1 +7 ,Z 











Intermolecular H -0 distances less than 2.6A 
H(2N') - 0(331) 
H(2N) - 0(301) 
E(801) - 	0(1) 
H(202) - 	0(1') 
H(2N) - 0(302) 
H(152) - 	0(3W) 
II(2N') - 0(332) 
H(81) - 	0(1W) 
H(101) - 0(302) 
(-1 +X ,l +1 ,-1 +Z 
(-1 +X 1 -1+7 ,Z 
(-1 +X ,Y ,Z 
(X ,Y ,Z 
(-1 +X ,-1 +7 ,Z 
(-1 +X 1 -1 +7 ,Z 
(-1 +X ,l +7 ,-i +Z 
(X ,Y ,Z 











Intermolecular N -O distances less than 3.4A 
N(2') - 0(331) (-1 +X ,l +Y 	,-i +Z 	) 2.627(17) 
N(2) - 0(301) (-1 +X ,-1 	+Y 	,Z 	) 2.735(13) 
N(2) - 0(302) (-1 +X ,-1 	+Y 	,Z 	) 3.240(19) 
N(2') - 0(332) (-1 +X ,l +Y 	,-1 +Z 	) 3.339(23) 
Intermolecular 0 -0 distances less than 3.2A 
0(302) 	- 0(2W) (X ,Y ,Z 	) 2.676(23) 
0(331) 	- 0(4W) (X ,Y ,Z 	) 2.771(23) 
0(302) 	- 0(5W) (1 +X ,Y 	,Z 	) 2.80(3) 
0(301) 	- 0(1W) (1 +X ,Y 	,Z 	) 2.885(16) 
0(1W) 	- 0(3W) (X ,Y ,Z 	) 2.887(19) 
0(31) 	- 0(2W) (X ,-1 +Y 	,Z 	) 2.940(20) 
0(32) 	- 0(5W) (X ,Y ,Z 	) 2.99(3) 
0(32) 	- 0(3W) (X ,Y ,Z 	) 3.13(3) 
0(3W) 	- 0(6W) (X ,Y ,Z 	) 3.16(3) 
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Intermolecular contacts from structure 3.3 
Intermolecular c -c distances less than 3.6A 
C(22) - 	C(17') (-X ,1/2+Y 	,l -z 	) 3.380(7) 
C(17) - 	C(22') (1 -x ,1/2+Y ,l 	-z 	) 3.446(7) 
C(3) - 	C(19') (-X ,1/2+Y 	,-Z ) 3.456(6) 
C(17) - 	 C(42) (1 -x ,1/2+Y ,1 	-z 	) 3.515(7) 
C(19) - 	 C(3') (1 -x ,1/2+Y ,-Z 	) 3.535(7) 
C(17') - 	 C(32) (-X ,-1/2+Y 	,-Z 	) 3.553(7) 
C(21) - 	 C(5') (1 -X ,1/2+Y ,l 	-z 	) 3.562(7) 
 - 	 C(4') (1 -X ,1/2+Y ,i 	-z 	) 3.563(7) 
 - 	C(18') (-X ,1/2+Y 	,l -z 	) 3.598(8) 
Intermolecular C -H distances less than 2.8A 
C(40) - H(431) (X ,Y 	,l 	+Z 	) 2.31(5) 
C(30) - H(331) (X ,Y 	,1 	+Z 	) 2.34(5) 
C(3) - H(192) (-X ,1/2+Y 	,-Z ) 2.450(6) 
C(3') - H(191) (1 -X ,-1/2+Y ,-Z ) 2.493(7) 
C(22) - H(132) (-X ,1/2+Y 	,-Z ) 2.618(7) 
C(31) - 	 H(2N) (-X ,-1/2+Y 	,1 -z 	) 2.639(6) 
C(18') - H(222) (-X ,-1/2+Y 	,l -z 	) 2.642(8) 
C(41) - H(2N') (1 -X 	,1/2+Y ,1 -z 	) 2.671(6) 
C(30) - 	 H(2N) (-X ,-1/2+Y 	,1 -z 	) 2.692(6) 
C(17) - 	 H(42) (1 -X 	,1/2+Y 	,i -z 	) - 2.693(7) 
C(17') - H(222) (-X ,-1/2+Y 	,1 -z 	) 2.704(7) 
 - H(225) (1 -X 	,1/2+Y 	,1 -z 	) 2.713(7) 
 - H(225) (1 -X 	,1/2+Y ,l -z 	) 2.722(7) 
C(17') - 	 H(32) (-X,-1/2+Y -Z - ) 2.733(7) 
C(40) - H(2N') (1 -X 	,1/2+Y ,1 -z 	) 2.762(6) 
C(43) - 11(12W) (X ,Y 	,Z 	) 2.78(5) 
C(21) - 11(41W) (X ,Y 	,Z 	) 2.78(5) 
C(22') - 	 11(182) (1 -X ,-1/2+Y 	,-Z ) 2.793(7) 
Intermolecular C -N distances less than 3.6A 
C(23) - N(1) 
	
(-X ,1/2+Y ,1 -z 
	
3.470(7) 
C(23') - N(l) (I. -X ,-1/2+Y ,1 -z 
	
3.512(7) 
C(4') - N(1) 
	
(1 -X ,-1/2+Y ,1 -z 3.552(6) 
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Intermolecular c -o distances less than 3.4A 
C(10') - 	0(41) (1 -X ,-1/2+Y ,l -z 	) 3.000(6) 
C(10) - 	0(31) (-X ,1/2+Y 	,1 -z ) 3.034(6) 
C(15') - 	0(42) (1 -x ,-1/2+Y ,1 -Z 	) 3.174(6) 
C(33) - 0(302) (X ,Y 	,-i 	+Z 	) 3.227(6) 
C(43) - 0(402) (X ,Y 	,-1 	+Z 	) 3.239(6) 
C(15) - 	0(32) (-X ,1/2+Y 	,1 -Z ) 3.244(6) 
C(30) - 0(331) (X ,Y 	,l 	+Z 	) 3.265(6) 
C(12) - 	0(3W) (-X ,1/2+Y 	,-Z ) 3.280(7) 
C(40) - 0(431) (X ,Y 	,1 	+Z 	) 3.283(7) 
C(3') - 	0(2) (1 -x ,-1/2+Y ,1 -Z 	) 3.299(6) 
C(2') - 	0(2) (1 -X ,-1/2+Y ,l -Z 	) 3.310(5) 
C(13') - 0(3) (-X 1 -1/2+Y 	,-Z ) 3.327(6) 
C(3) - 	0(2') (-X ,1/2+Y 	,1 -z ) 3.335(5) 
C(22') - 	0(6W) (X ,Y 	,Z 	) 3.358(8) 
C(31) - 0(7W) (X ,Y 	,Z 	) 3.358(7) 
C(11) - 	0(31) (-X ,1/2+Y 	,1 -z ) 3.390(6) 
C(18') - 0(10W) (-X ,-1/2+Y 	,-Z ) - 	3.390(9) 
C(11') - 	0(41) (1 -X ,-1/2+Y ,1 -Z 	) 3.392(6) 
Intermolecular H -o distances less than 	2.6A 
11(431) - 0(402) (X ,Y ,-1 	+Z 	) 1.50(5) 
11(331) - 0(302) (X ,Y ,-i 	+Z 	) 1.52(5) 
11(310) - 	 0(7W) (X ,Y ,Z 	) 1.71(5) 
11(410) - 	 0(4W) (X ,Y ,Z 	) 1.76(5) 
11(82W) - 	 0(3W) (X ,Y ,1 	+Z 	) 1.79(5) 
11(42W) - 	 0(9W) (X ,Y ,Z 	) 1.81(5) 
11(31W) - 	 0(1') (X ,Y ,Z 	) 1.83(4) 
11(320) - 	 0(1W) (-1 +X ,Y 	,Z 	) 1.86(5) 
11(12W) - 0(432) (X ,Y ,Z 	) 1.87(5) 
11(71W) - 	 0(8W) (X ,Y ,Z 	) 1.88(5) 
11(92W) - 0(301) (X ,Y ,Z 	) 1.92(5) 
11(41W) - 	 0(1) (X ,Y ,Z 	) 1.92(4) 
11(62W) - 0(401) (X ,Y ,-i 	+Z 	) 1.97(5) 
11(22W) - 0(332) (1 +X ,Y 	,Z 	) 1.97(5) 
11(420) - 	 0(2W) (X ,Y ,1 	+Z 	) 1.99(5) 
11(32W) - 	 0(31) (X ,Y ,Z 	) 1.99(5) 
11(51W) - 	 0(1) (X ,Y ,Z 	) 2.00(5) 
H(2N') - 	 0(41) (1 -x ,-1/2+( 	,1 	-z 	) 2.039(5) 
11(91W) - 0(10W) (X ,Y ,1 	+Z 	) 2.05(5) 
H(2N) - 	 0(31) (-X ,1/2+Y 	,1 -Z 	) 2.054(5) 
H(2N) - 0(302) (-X ,1/2+Y ,1 	-Z 	) 2.059(5) 
11(61W) - 	 0(7W) (X ,Y ,Z 	) 2.14(5) 
H(2N - ) - 0(402) (1 -X ,-1/2+Y 	,1 -Z 	) 2.160(5) 
11(21W) - 0(432) (X ,Y ,Z 	) 2.20(5) 
11(11W) - 0(332) (1 +X ,Y 	1 1 	+Z 	) 2.25(5) 
11(02W) - 	 0(5W) (X ,Y ,Z 	) 2.29(5) 
11(22W) - 	 0(32) (1 +X ,Y 	,Z 	) 2.34(5) 
11(12W) - 	 0(42) (X ,Y ,Z 	) 2.41(5) 
11(152) - 0(332) (-X ,1/2+Y ,-Z 	) 2.435(6) 
11(132) - 	 0(3) (-X ,-1/2+Y ,-Z 	) 2.439(6) 
11(191) - 	 0(3') (1 -X ,1/2+Y 	,-Z 	) 2.450(6) 
11(01W) - 0(301) (X ,Y ,Z 	) 2.46(5) 
11(221) - 	 0(1W) (-1 +X ,Y 	,Z 	) 2.477(7) 
H(104). -  0(41) (1 -X ,-1/2+Y 	,1 -Z 	) 2.489(6) 
11(72W) - 	 0(6W) (X ,Y ,Z 	) 2.51(5) 
H(2N' ) - 	 0(42) (1 -X ,-1/2+Y 	,1 -Z 	) 2.511(5) 
11(111) - 	 0(4') (1 -X ,1/2+Y 	,1 -Z 	) 2.517(6) 
11(224) - 	 0(2W) (X ,Y ,Z 	) 2.518(7) 
11(142) - 	 0(4) (-X ,-1/2+Y ,-Z 	) 2.524(6) 
H(2N) - 	 0(32) (-X ,1/2+Y ,1 	-Z 	) 2.526(5) 
11(14) - 	 0(4') (1 -X ,1/2+Y 	,-Z 	) 2.529(6) 
11(01W) - 0(431) (X ,Y ,Z 	) 2.53(5) 
11(113) - 	 0(4) (-X ,-1/2+Y ,1 	-Z) 2.543(6) 
11(131) - 	 0(3 1 ) (1 -X ,1/2+Y 	,-Z 	) 2.546(6) 
11(102) - 	 0(31) (-X ,1/2+Y ,1 	-Z 	) 2.547(6) 
11(183) - 	 0(9W) (-X ,-1/2+Y ,1 	-Z 	) 2.561(8) 
11(431) - 0(401) (X ,Y ,-1 	+Z 	) 2.57(5) 
11(81W) - 0(401) (X ,Y ,Z 	) 2.58(5) 
11(52) - 	 0(4W) (1 -X ,-1/2+Y 	,1 -Z 	) 2.579(7) 
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Intermolecular N -o distances less than 3.4A 
N(2') - 	 0(41) (1 -X ,-1/2+Y ,i 	-z 	) 2.856(5) 
N(2) - 	 0(31) (-X ,1/2+Y 	,l -Z 	) 2.873(5) 
N(2) - 0(302) (-X ,1/2+Y 	,l -z 	) 2.985(5) 
N(2') - 0(402) (1 -X 	-1/2+Y ,i 	-z 	) 3.099(5) 
N(2') - 	 0(42) (1 -X 	,-1/2-fY ,l 	-z 	) 3.165(5) 
N(2) - 	 0(32) (-X ,1/2+Y 	,i -z 	) 3.171(5) 
N(1') - 	 0(4) (-X ,-1/2+Y 	,l -z 	) 3.235(5) 
N(l) - 	 0(4') (1 -X ,1/2+Y ,i 	-z 	) 3.256(5) 
Intermolecular 0 -0 distances less than 3.2A 
0(302) - 0(331) (X ,Y ,1 	+Z 	) 2.494(5) 
0(402) - 0(431) (X ,Y ,1 	+Z 	) 2.496(6) 
0(41) - 	 0(4W) (X ,Y ,Z 	) 2.665(7) 
0(31) - 	 0(7W) (X ,Y ,Z 	) 2.669(6) 
0(4W) - 	 0(9W) (X ,Y ,Z 	) 2.695(8) 
0(32) - 	 0(1W) (-1 +X ,Y 	,Z 	) 2.752(5) 
0(7W) - 	 0(8W) (X ,Y ,Z 	) 2.766(9) 
0(1') - 	 0(3W) (X ,Y ,Z 	) 2.781(7) 
0(42) - 	 0(2W) (X ,Y ,1 	+Z 	) 2.782(5) 
0(3W) - 	 0(8W) (X ,Y ,-i 	+Z 	) 2.795(9) 
0(6W) - 	 0(7W) (X ,Y ,Z 	) 2.824(8) 
0(432) - 	 0(1W) (X ,Y ,Z 	) 2.847(6) 
0(301) - 	 0(9W) (X ,Y ,Z 	) 2.851(7) 
0(301) - 0(10W) (X ,Y ,Z 	) 2.859(9) 
0(401) - 	 0(6W) (X ,Y ,l 	+Z 	) 2.860(8) 
0(1) - 	 0(4W) (X ,Y ,Z 	) 2.871(7) 
0(431) - 	 0(6W) JX ,Y ,Z 	) 2.879(7) 
0(401) - 	 0(8W) (X ,Y ,Z 	) 2.890(8) 
0(332) - 	 0(2W) (-1 +X ,Y 	,Z 	) 2.898(6) 
0(1) - 	 0(5W) (X ,Y ,Z 	) 2.979(10) 
0(9W) - 0(10W) (X ,Y ,1 	+Z 	) 3.003(9) 
0(32) - 	 0(2W) (-1 +X ,Y 	,Z 	) 3.032(5) 
0(31) - 	 0(3W) (X ,Y ,Z 	) 3.033(6) 
0(42) - 	 0(1W) (X ,Y ,Z 	) 3.061(5) 
0(331) - 	 0(9W) (X ,Y ,-i 	+Z 	) 3.074(7) 
0(432) - 	 0(2W) (X ,Y ,Z 	) S 	3.133(6) 
0(5W) - 0(10W) (X ,Y ,Z 	) 3.136(12) 
0(332) - 	 0(1W) (-1 +X ,Y 	,-1 	+Z 	) 3.191(6) 
Intermolecular contacts from structure 3.4 
Intermolecular C -c distances less than 3.6A 
C(16) - 	 C(33) (1 -X ,-1/2+Y 	,-Z 	) 3.396(14) 
C(5) - C(22') (X ,Y ,-1 	+Z 	) 3.509(12) 
C(22) - 	 C(5') (X ,Y ,-1 	+Z 	) 3.548(12) 
C(9') - 	 C(33) (X ,Y ,l 	+Z 	) 3.551(14) 
C(3) - 	 C(3') (X ,Y ,-1 	+Z 	) 3.564(12) 
C(15) - 	 C(33) (1 -X ,-1/2+Y 	,-Z 	) 3.580(14) 
C(21) - 	 C(5') (-1 +X ,Y 	,-1 	+Z 	) 3.589(12) 
C(4) - 	 C(20') (X ,Y ,Z 	) 3.590(12) 
C(22) - C(17') (X ,Y ,Z 	) 3.594(13) 
 - 	 C(4') (-1 +X ,Y 	,-i +Z 	) 3.598(12) 
Intermolecular C -H distances less than 2.8A 
C(30) - 	 H(2N) (1 -X ,1/2+Y 	,1 	-z 	) 2.380(11) 
C(33) - H(2N') (X ,Y ,-i 	+Z 	) 2.487(12) 
 - H(310) (X ,Y ,Z 	) 2.59(7) 
C(22') - H(102) (1 +X ,Y 	,1 	+Z 	) 2.657(13) 
C(4) - 11(502) (X ,Y ,Z 	) 2.720(12) 
C(22') - 11(121) (X ,Y ,1 	+Z 	) 2.733(12) 
C(20') - 11(531) (-1 +X ,Y 	,-1 	+Z 	) 2.737(13) 
C(20) - 	 11(231) (-1 +X ,Y 	,-i 	+Z 	) 2.746(13) 
C(5) - 	 11(502) (X ,Y ,Z 	) 2.750(12) 
C(33) - 11(32W) (2 -X ,-1/2+Y 	,-Z 	) 2.76(6) 
C(5) - 	 11(523) (X ,Y ,-i 	+Z 	) 2.766(12) 
C(5') - 	11(201) (1 +X ,Y 	,1 	+Z 	) 2.779(12) 
C(4') - 11(201) (1 +X ,Y 	,1 	+Z 	) 2.792(12) 
C(19') - 11(531) (-1 +X ,Y 	,-]. 	+Z 	) 2.792(13) 
Intermolecular C -N distances less than 	3.6A 
C(33) - 	 N(2 1 ) (X ,Y ,-i 	+Z 	) 3.395(12) 
C(30) - 	 N(2) (1 -X ,1/2+Y 	,1 	-z 	) 3.400(11) 
C(4') - 	 N(1) (1 +X ,Y 	,l 	+Z 	) 3.583(11) 
Intermolecular C -O distances less than 3.4A 
C(15') - 0(332) (X ,Y ,l 	+Z 	) 3.122(11) 
C(9') - 0(332) (K ,Y ,1 	+Z 	) 3.132(11) 
C(23) - 	 0(2) (1 +X ,Y 	,l 	+Z ) 3.153(12) 
C(lO') - 0(301) (K ,Y ,Z 	) 3.215(11) 
C(23') - 	 0(2') (1 +X ,Y 	,l 	+Z ) 3.224(11) 
C(13') - 	 0(3W) (1 -x ,-1/2+Y ,l 	-z 	) 3.274(10) 
C(15) - 	 0(3W) (-1 +X ,-i +Y ,Z 	) 3.289(11) 
C(15) - 0(301) (1 -X ,-1/2+Y ,i 	-z 	) 3.297(11) 
 - 0(332) (1 -x ,-1/2+Y ,-Z 	) 3.356(11) 
C(10) - 	 0(3') (-1 +X ,Y 	1 -1 +Z 	) 3.367(11) 
 - 0(332) (1 -X ,-1/2+Y ,-Z 	) 3.374(11) 
C(14) - 	 0(1') (X ,Y ,-1 	+Z 	) 3.388(10) 
C(9) - 	 0(7W) (1 -X ,-1/2+Y ,i 	-z 	) 3.389(11) 
C(19) - 	 0(1') (X ,Y , - j. 	+Z 	) 3.393(10) 
C(15) - 0(302) (1 -X ,-1/2+Y ,1 	-z 	) 3.397(11) 
C(10) - 0(302) (1 -X ,-1/2+Y ,1 	-z 	) 3.398(11) 
E(2N) - 0(302) (1 -x ,-1/2+Y ,l -z 
11(31W) - 0(301) (2 -x ,1/2+Y ,l 	-z 
11(12W) - 	0(4W) (X ,Y ,Z 
11(41W) - 0(7W) (X ,Y ,Z 
11(72W) - 	0(6W) (X ,Y ,Z 
11(32W) - 0(331) (2 -x ,1/2+Y ,-Z 
11(61W) - 	0(5W) (1 -x ,-1/2+Y ,l -z 
11(11W) - 0(332) (X ,Y ,Z 
11(22W) - 	0(1) (X ,Y ,Z 
11(51W) - 0(3W) (X ,Y ,Z 
11(71W) - 0(302) (X ,Y ,Z 
11(81W) - 	0(2W) (X ,Y ,Z 
11(21W) - 0(331) (-1 +X. ,Y 	,Z 
11(52W) - 	0(1W) (1 -x ,1/2+Y ,-Z 
11(62W) - 0(32) (-1 +X ,Y 	,Z 
H(2N') - 0(332) (X ,Y ,1 +Z 
11(320) - 	0(8W) (1 +X ,Y 	,Z 
11(82W) - 0(1W) (X ,Y ,Z 
11(42W) - 	0(1') (1 -x ,1/2+Y ,1 -Z 
11(431) - 0(3W) (1 -X ,-1/2+Y ,l -Z 
H(2N') - 0(331) (X ,Y ,1 +Z 
11(91) - 	0(7W) (1 -X ,-1/2+Y ,1 -Z 
11(231) - 0(2) (1 +X ,Y 	,l +Z 
11(102) - 	0(3') (-1 +x ,Y 	,-1 +Z 
11(111) - 0(4') (-1 +X ,Y 	,-1 +Z 	). 
11(402) - 0(301) (X ,Y ,Z 
H(441) - 	0(1) CX ,Y ,1 +Z 
11(152) - 0(332) (1 -X ,-1/2+Y ,-Z 
11(221) - 	0(31) (X ,Y ,Z 
11(451) - 0(332) (X ,1 ,1 	+Z 
11(141) - 	0(1') (X ,Y ,-i +Z 
11(531) - 0(2') (1 +X ,t 	,1 	+Z 
11(481) - 	0(3W) (1 -X ,-1/2+Y ,1 -Z 
11(151) - 0(5W) (-1 +X ,-i +Y ,Z 
Intermolecular N -0 distances less than 3.4A 
N(2) - 0(302) 
N(2') - 0(332) 
 - 	0(4) 
N(1) - 0(4') 
 - 0(331) 
(1 -X ,-1/2+Y ,l -Z 
(X ,Y ,1 -1Z 
(X ,Y ,Z 
(-1 +X ,Y ,-1 +Z 
(X ,Y ,1 +Z 








































Intermolecular 0 -o distances less than 3.2A 
0(4W) 	- 0(7W) (X ,Y ,Z 
0(331) 	- 0(3W) (2 -X ,-1/2+Y ,-Z 
0(301) 	- 0(3W) (2 -X ,-1/2+Y ,i -z 
0(1W) 	- 0(4W) (X ,Y ,Z 
0(6W) 	- 0(7W) (X ,Y ,Z 
0(332) 	- 0(1W) (X ,Y ,Z 
0(3W) 	- 0(5W) (X ,Y ,Z 
0(5W) 	- 0(6W) (1 -X ,1/2+Y ,1 -z 
0(331) 	- 0(2W) (1 +X ,Y 	,Z 
0(302) 	- 0(7W) (X ,Y ,Z 
0(1') 	- 0(4W) (1 -X ,-1/2+Y ,l -z 
0(1) - 0(2W) (X ,Y ,Z 
0(1W) 	- 0(5W) (1 -X ,-1/2+Y ,-Z 
0(2W) 	- 0(8W) (X ,Y ,Z 
0(32) 	- 0(6W) (1 +X ,Y 	,Z 
0(1W) 	- 0(8W) (X ,Y ,Z 



















Intermolecular contacts from structure 3.5 
Intermolecular C -C distances less than 3.6A 
- C(3) (X 	,l -Y ,2 	-z 	) 3.471(17) 
C(S) 	- C(22) (X 	,1 -Y ,2 	-Z 	) 3.508(19) 
C(17) 	- C(17) (2 -X 	,Y ,2 	1/2-Z 	) 3.517(21) 
- C(21) (-1/2+X ,1/2-Y 	,2 -z 	) 3.546(20) 
C(S) 	- C(21) (-1/2+X ,1/2-Y 	,2 	-Z 	) 3.555(19) 
Intermolecular C -H distances less than 2.8A 
C(20) - H(231) 	(1 +X ,Y ,Z ) 	 2.724(21) 
C(22) - H(102) (-1/2+X ,1/2-Y ,2 -Z ) 	 2.749(21) 
- H(121) 	(X ,1 -Y ,2 -z ) 	 2.799(21) 
Intermolecular C -N distances less than 3.6A 
C(4) - N(1) 	(-1/2+X ,1/2-Y ,2 -Z ) 	 3.504(17) 
- N(1) (-1/2+X ,1/2-Y ,2 -Z ) 3.547(19) 
Intermolecular C -O distances less than 3.4A 
C(10) 	- 0(3S) (1 1/2-X ,1/2-Y 	,1/2+Z 	) 3.12(3) 
C(10) 	- 0(2W) (X 	,-Y 	,2 -Z 	) 3.167(22) 
C(21) 	- 0(1) (X 	,l -Y ,2 	-z 	) 3.232(17) 
C(23) 	- 0(2) (-1 +X 	,Y ,Z 	) 3.347(19) 
C(4) - 0(3) (X 	,1 -Y ,2 	-z 	) 3.355(16) 
C(11) 	- 0(4) (1/2+X 	,1/2-Y 	,2 	-Z.) 3.357(16) 
C(20) 	- 0(1) (X 	,l -Y ,2 	-Z 	) 3.370(16) 
C(10) 	- 0(3) (1/2+X 	,1/2-Y 	,2 	-Z 	) 3.385(18) 
C(13) 	- 0(4S) (X 	,1 -Y ,2 	-Z 	) 3.39(3) 
Intermolecular H -0 distances less than 2.6A 
H(2N) 	- 0(3S) (1 1/2-X ,1/2-Y 	,1/2+Z 	) 1.848(24) 
H(32W) 	- 0(1S) (X ,1 -Y ,2 	-Z 	) 1.88(10) 
H(2N) 	- 0(1S) (-1/2+X ,1/2-Y ,2 	-z 	) 2.220(14) 
H(2N) 	- 0(2S) (-1/2+X 	,1/2-Y ,2 	-z 	) 2.299(22) 
H(11W) 	- 0(4S) (X ,Y 	,Z ) 2.32(10) 
H(111) 	- 0(4) (1/2+X ,1/2-Y ,2 	-Z 	) 2.333(16) 
H(13) 	- 0(4S) (X ,1 -Y ,2 	-Z 	) 2.34(3) 
H(11W) 	- 0(2S) (2 -X ,Y ,1 	1/2-Z 	) 2.37(10) 
H(12W) - 0(3W) (X ,l -Y ,2 	-Z 	) 2.43(10) 
E(102) 	- 0(3) (1/2+X 	,1/2-Y ,2 	-Z 	) 2.460(18) 
H(12W) - 0(4S) (X ,Y 	,Z ) 2.47(10) 
H(13) 	- 0(2S) (2 -X 	,l -Y 	,1/2+Z 	) 2.516(24) 
H(151) 	- 0(2W) (X ,-Y 	,2 -z 	) 2.529(22) 
H(101) 	- 0(2W) (X ,-Y 	,2 -z 	) 2.533(22) 
11(101) 	- 0(3S) (1 1/2-X ,1/2-Y 	,1/2+Z 	) 2.54(3) 
11(122) 	- 0(2W) (1 1/2-X ,1/2-Y 	,1/2+Z 	) 2.579(21) 
11(152) 	- 0(3W) (1 1/2-X ,-1/2+Y 	,2 	1/2-Z 	y 2.587(21) 
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Intermolecular N -O distances less than 3.4A 
N(2) - 0(3S) 	(1 1/2-X ,1/2-Y ,1/2+Z ) 
N(l) - 0(4) (1/2+X ,1/2-Y ,2 -z 
N(2) - O(IS) 	(-1/2+X ,1/2-Y ,2 -z 
N(2) - 0(2S) (-1/2+X ,1/2-Y ,2 -z 
Intermolecular 0 -O distances less than 3.2A 
0(2W) 	- 0(3W) (X ,l -Y ,2 	-z 
0(1) - 0(1W) (X ,Y 	,Z 
0(3W) 	- 0(1S) (X ,l -Y ,2 	-z 
0(1W) 	- 0(3W) (X ,l -Y ,2 	-z 
0(2W) 	- 0(4W) (X ,-1 +Y 	,Z 
0(1W) - 0(4S) (X ,Y 	,Z 
0(2W) 	- 0(2S) (-1/2+X ,-1/2+Y 	,Z 
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STRYCHNINE AMINO ACID SALTS 
This chapter deals with the three strychnine amino acid salts produced 
during the project. The first three sections detail the data collection, solution, 
refinement, and geometry of each salt, while the fourth is a discusion of the 
features common to all three structures. The three amino acids are very 
similar; they all have fairly small side chains and a N-protecting group which 
features an aromatic ring. They were all made in resolution experiments, and 
share common features with with a structure previously analysed in our group, 
the strychnine N-Benzoyl-L-alanine salt 4 . 
4.1. Strychnine N-CBZ-L-valine 
No previous resolution of CBZ-valine with either brucine or strychnine could 
be found, with the most similar resolution being that of N-formyl-valine with 
brucine using methanol as solvent 75 . The CBZ-L-valine salt was recrystalised 
from 90% ethanol/water and gave large colourless thin plates. The crystal data 
are given below: 
C21H23N202.C13H10104.2H20 M=621.69 space group P21 
a =8.460(3) 	b =9.867(2) 	C =18.604(4)A B =92.29(2) ° 
U1551.7Z2 D 1.33 g cm-3 r.= 293 K 
Mo-Ku radiation, Xx 0.71069A .i = 0.89 cm, F(000) = 664 
The crystal had dimensions 0.7 x. 0.5 x 0.05 mm, with the plate shaped like 
an elongated hexagon and was mounted in a Lindemann tube to prevent crystal 
decay by solvent loss. The data were recorded on a Nonius CAD-4 four circle 
diffractometer using Mo-K s, graphite monochromated radiation. Oscillation and 
Weissenberg photographs had given an approximate cell and shown the space 
group to be P2 1 . The unit cell was refined using 25 reflections with 0 
between 6.41 0 and 12.59 0 . The intensity of one reflection was monitored 
during data collection and no crystal decay was apparent. Data were collected 
to e=25 °  (h-10 10. k0 11, 1=0 22) and 2846 unique reflections were recorded 
of which 1840 had 1>2a(l). 
The structure was solved by the automatic Patterson rotation function 52 
using the strychnine molecule as search fragment. The phases generated from 
a subsequent tangent expansion 51 based on the translated 54 fragment gave a 
Fourier map in which the N-CBZ-valine molecule was clearly visible, and also 
two unconnected strong peaks which were assigned as water molecules. When 
input to the refinement program 55 this gave an initial R factor of 0.25. These 
atoms were refined with isotropic thermal parameters to give an R factor of 
0.11. Most of the hydrogen atoms in this structure are in readily calculatable 
positions, and so they were added to the model with fixed bond lengths of 
1.08A. The exceptions to this are the water hydrogens, the hydrogen on the 
amide nitrogen of the amino acid, and the hydrogen that protonates the 
strychnine molecule. These were found in difference maps and initially their 
positional parameters were allowed to refine freely, however the 
hydrogen-oxygen bond lengths in the water molecules tended to contract and 
a constraint was placed on these bonds forcing them to be approximately 
1.08A. All the non-hydrogen atoms were refined with anisotropic thermal 
parameters. The structure was refined using blocked matrix least squares with 
the strychnine molecule in one block and the amino acid and water molecules 
in a second, giving a total of 425, parameters to be refined. The data were 
weighted according to the scheme 
W= 1 /(a 2 (F)+ 0 . 0006 F 2 ) 
which gave the best analysis of variance in ranges of e and abs(F). In the final 
its11 
cycle of refinement the average shift over esd was less than 0.05. The 
maximum shift over esd was 0.419 and this was on a positional parameter of 
one of the water hydrogens. The largest peak in the difference map was 0.16 
eA 3 and the deepest trough 0.17 eA 3. The final R-factor was 0.0432 and R 
was 0.0502. 
Strychnine Geometry. 
As would be expected, the geometry of this strychnine molecule is similar 
to those previously outlined, and the bond lengths differ by less than 3CY in 
each case. The anomalous bond length of C(9)-N(2) when compared to the 
chemically similar C(10)-N(2) and C(15)-N(2) is present in this structure, with 
C(9)-N(2) at 1.530(6)A and the others at 1.503(6) and 1.500(6)A respectively. 
The only conformationally variable part of the molecule, the torsion angle 
N(1)-C(21)-C(20)-C(19), has a value in this structure of -35.9(6) ° . The amide 
function is significantly non planar with the sum of the subtended angles 
around N(1)=353.10 0  the protonated amine nitrogen is more tetrahedral with 
the sum of the subtended angles at 334.45 0 
N-Carboxyben zyl-L-Va line. 
The bond lengths for the N-CBZ-L-valine molecule have several interesting 
features. The numbering scheme and conformation of the CBZ-L-valine is 








The most immediatly striking feature is that one of the bonds in the phenyl 
ring is significantly shorter than the others, C(3')-C(4') is 1.303(10)A while 
C( 1')-C(6') which is almost parallel to it is 1.396(9)A. The two C-C distances in 
the acid function are not strictly-different, however the oxygen which forms the 
strong salt bridge with the alkaloid amine function has a bond C(13')-0(41 of 
1.251(7)A while other less strongly bonded oxygen has a length C(13')-O(3') of 
1.229(6)A. All other bond lengths which could be expected to be equivalent are 
within 3 esds of one another. The CBZ-valine adopts an 'extended' 
conformation, with all the bonds between C(6') and C(9') trans. The phenyl ring 
is slightly twisted with respect to the C(7')-0(1') bond with a torsion angle of 
C(1')-C(6')-C(7')-0(1') at -63.7(7) ° . A connectivity question was submitted to 
the Cambridge crystallographic database 
64  and this yielded 29 structures that 
contained the valine residue six of which had no coordinates present, and one 
structure was disordered such that the connectivity generated from the 
coordinates did not match the ideal connectivity held in the Cambridge CONN 
file. The remaining 22 sets of coordinates contained 29 independent valine 
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residues and the geometry of these can be compared with the valine residue in 
the strychnine N-CBZ-L-valine salt. This comparison shows that none of the 
bond lengths and angles of the valine residue are exceptional, and all the 
parameters are within the range of previously reported structures. The 
conformation of the valine side group is not the most common with only 10 of 
the 29 independent residues having both methyl groups of the side chain 
gauche to the amino acid nitrogen, as in this structure. There seems to be no 
great preference for any orientation of the acid function. In this structure, the 
acid group is in a plane with the amide function with a torsion 
0(4')-C(13')-C(9')-N(1') of 6.5(6) 0 and this produces a short internal N-O contact 
N(1')-0(4') of 2.656(6)A. However, the N(1')-H(1N')..0(4') angle is 94(4) °, and 
therefore this contact cannot stabilise this conformation greatly. 
Hydrogen Bonding 
The hydrogen bonding in this salt is far simpler than that encountered in 
the tartrates, and is illustrated in the packing diagram in fig 4.1b. The crystals 
contain 4 water molecules of, hydration per unit cell; one of these forms 
hydrogen bonds between one acid oxygen of one valine and the oxygen of the 
amide function on a second. valine. This results in infinite hydrogen bonded 
columns of amino acid parallel with the b -axis. These hydrogen bonds are 
0(3')..0(2W) at 2.796(7) and 0(2')..0(2W) at 2.854(8)A. There is no strong 
hydrogen bonding between these columns, and the other waters of hydration 
only take part in several weaker hydrogen bonds, which link the acid function 
on one amino acid to the amide nitrogen on the same molecule, with bond 
lengths of N(1')..O(lW) 2.968(7)A and 0(4')..O(lW) 3.151(8)A. These water 
molecules also form very weak bonds between amino acid columns with 
another bond to 0(4') at 3.272(7)A. 0(4') also forms the strong 'salt bridge' 




Fig. 4.1b 	Packing diagram of 4.1 
a axis projection 
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2.591(6)A, and this is the only strong hydrogen bond between the amino acid 
and the alkaloid. 
Other Non-Bonded Interactions 
The shortest carbon-carbon interaction (not caused by proximity to a strong 
hydrogen bond) is between the aromatic ring of the amino acid N protecting 
group and the aromatic ring of the strychnine molecule. The short contacts in 
this interaction are C(5)..C(3') at 3.563(9)A and C(4)..C(3') at 3.600(8)A, with a 
dihedral angle between the rings of 50.95 0. This is the most outstanding of 
three aromatic ring-alkaloid contacts which position the ring within a cleft in 
the strychnine bilayer. The other interactions involve the oxygens of different 
strychnine molecules. C(5') in the aromatic ring has a contact to the amide 
oxygen of the strychnine at a distance of 3.416(7)A, and a very weak contact to 
the ether oxygen of a different strychnine molecule C(5')..0(2) 3.560(7)A. This 
gives an interleaved stack of strychnine and aromatic groups parallel to the 
b-axis. The strychnines are packed in bilayer sheets, perpendicular to the 
c-axis held together by a large number of weak non-bonded interactions, many 
of which involve the aromatic ring of the strychnine molecule and some of 
these are given below. 
Ring Contact Distance Symmetry 
atom atom A operation 
C(2) 0(2) 3.313(6) -x,-1/2+y,-z 
C(4) H(131) 2.540(7) 1+x,y,z 
C(4) 0(1) 3.385(6) 1-x,-1/2+y,-z 
The overall feature of the packing is a grooved bilayer of strychnine molecules 
with the aromatic ring of the amino acid N protecting group held in these 
grooves and stabilising the strychnine bilayer. The other end of the amino acid 
is held onto a second bilayer by the strong 'salt bridge' hydrogen bond. The 
valine side chain is subject to no strong specific interaction, and therefore the 
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mechanism by which stereospecific selection takes place must involve the ease 
of fit of the amino acid side chain into the space remaining in the structure. 
4.2. Strychnine N-CBZ-L-methionine 
This salt tended to form an emulsion when recrystallised from 90% 
ethanol/water, if the ethanol was allowed to evaporate too quickly. Addition of 
a few drops of ethanol to the crystallisation mixture cleared the cloudiness, and 
eventually large rectangular colourless plates formed. The crystal data are 
given below: 
C21H23N202'.C13H,5N104S1 	M=617.73 space group P212121 
a =36.85(1) 	b =9.626(4) 	C =8.564A 
U 3037. W Z = 4 0 =1.35 g crn 3 T = 293K 
Mo-Ku radiation, X 	0.71069A '.i = 1.50 cm 1 , F(000) = 1312 
The crystal used for data collection was a very thin rectangular plate of 
dimensions 0.4 x 0.2 x 0.08 mm, and was mounted in a Lindeman tube to 
preclude any crystal decay by solvent loss. Oscillation and Weissenberg 
photographs gave an approximate cell, and indicated that space group was 
either P2 1 2 1 2 or P2 1 2 1 2 1 . The data were collected on a Stoe stadi-2 2 circle 
diffractometer using graphite monochromated MOK a radiation, and after the 
crystal had been alligned a check was made on the presence or otherwise of 
the mounting axis axial reflections. This showed the space group to be P2 1 2 1 2 1 . 
The a and b parameters of the unit cell were refined 
48  using 12 zero level 
reflections with 28 between 8.43 and 40.62. 0  and c was refined by accurate 
measurement of 8 for the reflection (0 0 2). The intensity of one reflection was 
monitored occasionally and no crystal decay was apparent. Data were 
collected to 8=25 °  (h=0 43, k=0 11, 1=0 9) and 3018 reflections were measured 
of which 1577 had 1>2a(l). 
Two attempts were made to solve the structure using SHELXS-84 50 direct 
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methods but both were unsuccessful, possibly due to the lack of strong high 
angle data. The structure was solved by automatic Patterson rotation function 
using a strychnine as search fragment 52 . This oriented fragment was input to a 
translation funtion 54 and phases generated from this correctly positioned 
fragment. These phases were refined 51 , and in the resulting electron density 
map both the strychnine and all the amino acid non-hydrogen atoms were 
found. These atoms were input to the refinement program 
55  and gave an initial 
R-factor of 0.27. The structure was refined initially with each atom having three 
positional and one isotropic thermal parameter and this converged at a 
R-factor of 0.096. All the hydrogens in the structure are in readily calculatable 
positions, and so these were added to the model with fixed heavy 
atom-hydrogen distances of 1.08A. In the final cycles of refinement all non 
hydrogen atoms were refined with six anisotropic thermal parameters using 
blocked matrix least squares with the strychnine molecule in one block and the 
amino acid in the other, giving a total of 398 parameters to be refined. The. 
data were weighted according to the scheme 
W=1/(G 2  (F)+0.0003F 21 
as this gave the most even levels of variance in ranges of e and abs(F). In the 
final cycle of refinement the average shift over esd was less than 0.05 with the 
maximum value being 0.110 on a thermal parameter on one of the strychnine 
carbon atoms. The largest peak in the final difference map was 0.31 eA 3 and 
the deepest trough. was 0.29eA 3 . the final R-factor was 0.0689 and R was 
0.0537. 
Strychnine geometry 
There are no exceptional features in the strychnine molecule present in this 
structure. The bond lengths and angles are within 3a of those found in the 
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Fig. 4.2a 
previous structures. In this structure the anomalous distances around the 
amine nitrogen are C(9)-N(2) 1.537(10) compared to C(10)-N(2) 1.505(11) and 
C(15)-N(2) 1.489(10) A. The flexible torsion angle N(1)-C(21)-C(20)-C(19) has a 
value of -33.6(11) 0  for this salt, while the sum of the subtended angles around 
N(1) is 354.1 0  Around the tetrahedral amine nitrogen the sum of the 
subtended angles is 332.4 o. 
N-Carboxybenzyl-L-methiOflifle geometry 
In the amino acid part of this salt, all the bond lengths which could 
reasonably be expected to be equivalent are within 4 esds of eachother. The 




As in the valine salt the oxygen which forms the strong salt bridge to the 
strychnine amine function has a longer C-O bond than the other half of the 
acid function C(13')-0(4') 1.287(11) C(13')-O(3') 1.218(1 1)A. There are significant 
differences between the carboxvbenzyl protecting group of this salt and that of 
the previous one. The angle around the methylene carbon,C(6')-C(7')-O(1'). in 
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the methionine salt is 104.8(7) 0 narrower than in the valine salt with 
C(6')-C(7')-0(1') at 108.3(5) 0 . The chain between C(6') and C(9') is less extended 
than in the valine, but only slightly so. The ring is also more steeply angled to 
the C(7')-0(1') bond with acute ring bond angles of -63.8(7) 0 in the valine salt 
and -50.6(11) 0 in the methionine. A connectivity search of the Cambridge 
crystallographic database 
64  was made and this gave 19 structures which 
contained the methionine residue. Of these, seven entries had no coordinates, 
and one disorder such that the connectivity generated from the coordinates did 
not correspond to that' in the database CONN record for that structure. In the 
11 remaining entries the methionineresidue occured uniquely 13 times. This 
search revealed that several of the bonds and angles in this structure lie 
outside the previously reported ranges. C(1 1')-S(l') is a long bond at 
1.829(10)A compared with an average value for this bond of 1.799A. The angle 
between the acid function and' the side chain is also wide at 113.2(7) ° 
compared with the widest angle previously reported 112.03 0 and an average 
value of 110.40 °, also the angle C(9')-C(10')-C(11') is wide at 115.5(8) with a 
previous widest angle of 113.89 0 and an average value of 112.60 0 . Quite how 
much significance should be assigned to these observations is unclear, as the 
relatively large esds of the parameters in this structure, and the spread of 
values and limited size of sample from the database render the differences 
suspect, however it is indicative that the amino acid may have suffered some 
slight distortion to fit the alkaloid dominated packing. The conformation of the 
amino acid is similar to those previously reported. The acid function is in a 
plane with the amide function with the torsion N(1')-C(9')-C(13')-O(3') at 
1.1(1 1) °, a smaller twist than any of the previous structures, also the terminal 
methyl of the side chain is in a gauche conformation with 




Unusually for the alkaloid amino acid salts this structure contains no water 
of hydration, and the amount of hydrogen bonding is correspondingly reduced. 
A packing diagram of 4.2 is shown in fig 4.2b. The shortest 0..0 non-bonded 
contact in this structure is O(1') ... O(4') at 3.329(8)A, too long and with no 
available proton to be a hydrogen bond. The major hydrogen bond is the salt 
bridge N(2')..0(4') at a distance of 2.591(9)A. 0(4') is also involved with the 
other hydrogen bond in the structure to the amino acid amide nitrogen 
N(1')..0(4') at, 3.054(9)A, and this hydrogen bond forms the amino acid ions into 
infinite columns parallel to the c -axis, and •these two hydrogen bonds would 
contribute to the significant lengthening of the C(13')-0(4') bond. 
Other non-bonded interactions 
Once again the shortest carbon-carbon interaction is, between - the aromatic 
ring of the alkaloid and that of the amino acid N-protecting group, with the 
shortest contact being C(5)..C(1') at 3.486(13)A. The other aromatic 
ring-strychnine bilayer contacts Jound in the N-CBZ-L-valine salt have 
corresponding contacts in this structure with C(3')..0(2) at 3.372(12)A and the 
far longer C(3')..0(1') at 3.467(12)A. These contacts imply that the ring is in a 
similar position to the ring in the valine salt, but that the orientation of the ring 
within the alkaloid bilayer channel is slightly different. The interplanar angle 
between the rings containing C(5) and C(1') is 55.59 0. The strychnines also 
have a similar set of contacts to the valine salt, although the contacts are 
slightly longer, with C(2)..0(1) now 3.589(10)A. C(2) does however make a 
shorter contact with C(20) with a C-C distance of 3.605(12)A. C(4)..H(131) is the 
second shortest C..H intermolecular contact in this structure at 2.653(12)A,while 
the other contact noted in the valine salt,C(4)..0(1) is 3.426(10)A in the 
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Fig. 4.2b Packing diagram of 4.2 
c axis projection 
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methionine salt. 
The overall features of the strychnine packing are conserved in this 
structure and the main sites of amino acid contact to the bilayer are similar, 
although the phenyl ring appears in a different orientation. However, the 
bilayers of strychnine run in opposite directions in alternate bilayers and this 
allows the energetically favourable stacking of the acid and amide functions of 
the amino acid to take place. This type of packing is only possible when the 
side chains of the amino acids are able to pack together efficiently in the 
inter-bilayer space and this is not possible with the more globular valine side 
chain. 
4.3. Strychnine N-Benzoy(-DL-Leucine 
These crystals were the result of a resolution experiment. Large crystals 
formed in the initial reaction flask, and recrystallisation was unnecessary. Two 
crystals - .were , mounted in Lindeman tubes to preclude any crystal decay due to 
solvent loss. There was no symmetry apparent on oscillation and Weissenberg 
photographs, so the crystals were assigned the space group P1. Full crystal 
data are given below: 
C21H23N202.C13H16N1O3.3H20 M=623.71 space group P1 
8=8.7528(3) 	b - 13.0580(6) 	c=15.4339(7)A 
	
0.. =90.306(3) B =101.479(3) y=109.088(3) 	0 
U1629.4 3 Z2 D =1.27 g CM-3 T= 293 K 
Mo-K0. radiation, X
, 
 = 0.71069A ).i = 0.85 cm -1 , F(000) = 668 
Data were collected by Dr. W.Clegg of the University of Newcastle on a 
Stoe/Siemens AED-2 4 circle diffractometer using graphite monochromated 
M0K0. radiation. The crystal morphology of these crystals was somewhat 
different from those in structures 4.1 and 4.2, and the crystal used for data 
collection was a tablet shape of dimensions 0.194.310.57 mm. The 
refinement of the cell dimensions was done using 31 accurately measured 28 
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values. Three standard reflections were monitored during data collection and 
no crystal decay was apparent. Data were collected to e=25 0, with slightly 
more than an assymetric unit of data being collected (h=-10 1,k=-16 16,I=-18 
18) Unlike the other crystal structures described in this thesis, the data were 
reduced using the program supplied with the diffractometer. 6945 data were 
collected of which 5728 were unique, the data having a merging R-factor of 
0.018. 1474 of the data had 1<2a(l). The unit cell volume indicated that there 
were two independent strychnine-leucine pairs in the unit cell giving a total of 
84 non-hydrogen atoms in the asymmetric unit. The structure solved at first 
attempt using the direct methods part of SHELXS-84 50 program, and in the 
Fourier map output by this program the non hydrogen skeletons of both 
strychnines and both benzoyl-leucines were visible. Additionally four stong 
peaks unconnected to the main molecules were found and assigned as water 
molecules. When these atoms were input to the refinement 55 program with 
isotropic thermal parameters of 0.06A 2 the initial R-factor was 0.21. Isotropic 
refinement of this model converged at an R-factor of 0.15, hydrogens were 
then added in calculated positions for both strychnines and leucines with fixed 
isotropic thermal parameters, and constrained to ride positionally with their 
parent atoms. Two further water molecules were added to the model as they 
became apparent in difference Fourier maps, and this model refined to a 
R-factor of 0.095. All non hydrogen atoms were then allowed to refine with 
anisotropic thermal parameters. A large peak in a subsequent difference map 
was assigned to be a seventh water molecule, however it was noted that 
0(5W) and 0(7W) had far larger thermal parameters than the other ,  water 
molecules, and that they had refined into positions which placed them 
improbably close together. This was modelled as a single water molecule 
disordered over two distinct sites, and the site occupancy of 0(5W) refined to 
0.8 and that of 0(7W) to 0.2. This model still has 0(7W) very close to C(17') and 
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C(18') of one strychnine molecule, however these atoms have slightly higher 
thermal parameters than those on the other sttchnine and this may reflect a 
small disordering of these atoms over two very close sites. It was not possible 
to locate the hydrogen atoms around 0(7W) or 0(1W), which is within hydrogen 
bonding distance of 0(7W), and the highest peaks in the final Fourier difference 
map are associated with these atoms. All other water hydrogens were located 
in difference maps and refined with their 0-H distances constrained to be 
approximately 1.08A. The data were weighted according to the scheme 
W=1/{a 2  (F)+0.000454(F)2) 
which gave the most even distribution of variance over ranges of 8 and abs(F). 
In the final cycle of least squares all non-hydrogen atoms, except 0(5W) and 
0(7W), were refined with anisotropic thermal parameters, giving 841 parameters 
refined in the final cycle using 4254 data. The largest shift over esd on a 
non-hydrogen atom was 0.2 with the average for all parameters less than 0.05. 
In the final difference Fourier the maximum peak was 0.31 eA 3 and the 
minimum trough was -0.22 eA 3 . The final R-factor was 0.0529 with R0.0610. 
Strychnine Geometry 
The strychnines in this structure have similar bond lengths to all those 
encountered, the only slight anomaly being the C(6)-C(7) which is 1.533(6)A in 
one strychnine and 1.497(7)A in the other, and these values lie at opposite 
extremes of the range of bond lengths observed in the previous structures. The 
bond lengths around the amine nitrogen are given below:- 
C(9)-N(2) 	1.541(6) 	C(10)-(2) 	1.508(6) 	C(15)-N(2) 1.512(6)A 
	
C(9')-N(2') 1.542(7) 	C(1O')-(,2') 1.496(7) C(15')-N(2') 1.503(7) 
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strychnine molecules do not differ significantly from one another. The amide 
function is again the only part of the molecule to show any conformational 
flexiblity with N(1)-C(21)-C(20)--C(19) at -37.4(7) 0, while N(1')-C(21')-C(20')-C(19') 
is -32.8(7) 0. The amide nitrogens are significantly non-planar with the sum of 
the subtended angles around N(1) 355.2 0 and around N(1') 354.7 0. The amine 
nitrogens are distorted from tetrahedral geometry with the sum of the 
subtended angles around N(2) 333.1 0 and around N(2') 334.00. 
N-Benzoyl-Leucine geometry 
The numbering scheme and conformations of the ben2oyt leucines are 
shown in fig 4.3a. 
There is only one significant bond length difference between the two leucine 
molecules and that is in the CS-C y 
 bonds of the side chain i.e. C(40)-C(41). In 
the D molecule (atoms numbered greater than 30 labeled without a ' 
C(40)-C(41) is 1.531(8)A, while C(40')-C(41') is 1.479(9)A and there is a trend for 
the bond lengths of the side chain to be slightly longer in the 0 molecule than 
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in the L. 
D L 
C(38)-C(40) 1.529(7) 1.542(8) 
C(40)-C(41) 1.479(9) 1.531(8) 
C(41)-C(42) 1.506(9) 1.539(11) 
C(41)-C(43) 1.530(9) 1.564(11) 
In the acid function, the oxygen which forms the salt bridge with the strychnine 
in each case, has a longer C-O bond. 
C(39)-0(32) 	1.224(6) 	C(39)-0(33) 	1.275(6) 
C(39')-0(32') 1.236(7) C(39')-0(33') 1.265(7) 
A search was made of the Cambridge Crystallographic database 
64 and this 
produced 41 compounds containing the leucine residue. Of these, nine had no 
atom coordinates, and the .GE0M78 65 search fragment was identified uniquely 
52 times in the remaining 32 crystal structures, however 14 of these were 
identified as phenylalanine residues matched due to similarities in the non 
hydrogen skeleton of leucine and phenylalanine, and this left 38 unique leucine 
residues to be compared with the present structure. 
The bond lengths and angles of the two leucine molecules lie within the 
range of parameters previously reported, the only point of interest being that 
N(31')-C(38')-C(40') at 105.9(4) 0 is one of the smallest values reported. 
The conformation of the leucines is slightly unusual in that only 7 of the 
previously reported have the torsion N(31)-C(38)-C(40)-C(41) trans, as is the 
case in both of the leucine residues in this salt. The isopropyl groups on each 
side chain have 1 carbon trans and one gauche to the rest of the residue. The 
steric hindrance of the gauche carbon produces a widening of its angle to the 

















The leucine's conformations are practically mirror images of each other (the 
acid functions are named oppositely in each molecule). The widest deviation 
from this conformational mirroring is in the twist of the benzoyl ring with 
C(35)-C(36)-C(37)-0(31) at -23.4(7) 0 and C(35')-C(36')-C37')-0(31') at 30.5 0 . 
Hydrogen bonding. 
The hydrogen bonding pattern of this crystal is complicated by the fact that 
one of the water molecules appears slightly disordered. A packing diagram of 
4.3 is shown in fig 4.3b. Initially 0(5W) and 0(7W) were thought to be distinct 
water atoms, however they refined with very large thermal parameters and with 
positional parameters which placed them only 2.451A from eachother. When. 
refined with site occupancies constrained to add to one and fixed isotropic 
thermal parameters of 0.10 they refined with 0(5W). having a site occupancy of 
0.8 and 0(7W) 0.2. For the system with 0(5W) present the hydrogen bonding is 
relatively simple. 
Analysis of the coordinates of the two amino acid molecules shows them 
to be related by an approximate inversion centre at 0.585, 0.59, 0.31 and one 
amino acid molecule is directly hydrogen bonded to another related by this 
pseudo inversion centre, through hydrogen bonds from the amide function to 
the acid functions: N(31')..0(32) 2.900(6) and N(31)..0(33') 2.933(5)A. Each amino 



















with the pseudo inversion centre approximately relating 0(1W) to 0(5W),0(6W) 
to 0(4W) and 0(3W) to 02W). The lengths of these hydrogen bonds are given 
below. 
0(33). .0(1W) 	2.773(6) 
O(1W)..0(4W) 2.757(7) 






So the main hydrogen bond pattern is of two infinite chains of amino acid and 
water running along the a axis with links between the two chains at the amino 
acids. 
There are other hydrogen bonds branching from these chains. 0(1W) 
makes a second hydrogen bond to the same amino acid ion with the hydrogen 
bond O(1W)..0(31) at 2.812(6). 0(4W) makes a hydrogen bond to one strychnine 
ion while 0(6W) makes a hydrogen bond to another, 0(4W)..0(1) 2.830(6) 
0(6W)..0(1') 2.817(7)A, and 0(5W) hydrogen bonds to 0(2)of another strychnine 
0(5W)..0(2) 2.949(7)A. 
If 0(7W) is present and 0(5W) not, then only one of these chains remains 
intact. 0(7W) makes only one strong hydrogen bond and that is to 0(1W) a 
constituent of the other chain 0(1W)..0(7W) 2.676(16)A, its only other contacts 
being two very short non bonded interactions -with the alkene function of.one 
of the strychnine molecules 0(7W)..C(17') 3.004(17) and 0(7W)..C(18') 2.919(17)A. 
The main strychnine-amino acid bonds do not fit into the pseudo inversion 
centre with the two, salt bridges being N(2)..0(33) at 2.679(5)A and N(2')..0(33') 
at 2.686(6)A. 
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Other Non-Bonded Interactions 
The non bonded interactions seen in this structure are somewhat different 
from those seen in structures 4.1 and 4.2. The shortest C..0 contact is 
between the two independent amino acid molecules, and involves the amide 
carbon of one ion and the aromatic ring of another, C(37)..C(31') at 3.473(8)A. 
The shortest alkaloid amino acid C..Ccontact is between the amide carbon of 
one of the alkaloids and a methyl group on one of the leucines, C(21 ')..C(42') at 
3.481(10)A. These two molecules make a second short contact, with the 
aromatic ring of the amino acid's N-protecting group close to a methylene 
group ajacent to the alkaloid's protonated nitrogen, C(35')..C(10') at 3.510(9)A. 
In each amino acid, the aromatic system of the N-protecting group is close to 
the aromatic system of a strychnine molecule. These contacts areC(3)..C(331 at 
3.500(9)A and C(2')..C(33) 3.542(10)A and interplanar angle between the planes 
of 24.43 0 between unprimed strychnine and primed leucine and 55.39 0 between 
primed strychnine and unprimed leucine. 
A complex series of weak C..O non-bonded interactions form the strychnine 
ions into collumns parallel to the x-axis. The contacts and symmetry operations 
applied to the second atom in the contact are given below.  
Firstatom Second atom Symm op Dist. 
C(21) 0(1') -1+x,-1+y,1+z 3.317(7) 
C(21') 0(1) 1+x,1+y,-1+z 3.488(6) 
C(20) 0(2') x,-1+y,1+z 3.405(7) 
C(20') 0(2) x,1+y,-1+z 3.393(7) 
C(4') 0(2') 1+x, 	y, 	z 3.258(7), 
This gives rise to packing different from those identified in the other amino 
acid structures and the tartrates. The crystal is composed of two 
homomolecular columns running parallel to the a direction. One is composed 
of both independent strychnines, and the other of both independent leucines 
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and most of the water of hydration. The leucine column is the more strongly 
held together with two chains of hydrogen bonds formed between the acid 
functions and the water molecules. The forces holding the strychnine column 
together are far weaker, the most notable being the amide-amide interaction 
similar to that seen in the strychnine simple salts and in the (+)tartrate salt 
(structure 3.2), with a short amide-amide interaction between pairs of 
strychnines. 
4.4. Strychnine Packing Conclusions 
From the limited number of structures previously investigated and those 
examined during this project it is possible to identify two major types of 
strychnine packing. These are:- 
The closed bilayer 
This type of packing is shown in the following structures: 
Strychnine Iodide 63 
Strychnine Chloride 14 
Strychnine Nitrate 62 
Strychnine (+)Tartrate 3.2 
These structures all share a similar unit cell face of approximately 7.58 x 7.85 A 
with an interaxial angle very close to 900. The strychnines in these structures 
form into bilayers that expose a minimum amount of strychnine to the counter 
ion layer. The protonated nitrogen is found on the exposed surface of the 
bilayer and forms a single strong bilayer-counter ion interaction. There is only 
one example of this packing type forming with a chiral counter ion (3.2) and in 
this case the chiral ion (tartrate) is disordered and surrounded by a large 
amount of loosely associated water. This makes drawing any firm conclusion 
from this structure a less than certain matter. There is certainly 'spare' volume 
in the interlayer space, filled by the water molecules, and no specific 
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interaction can be found that would prevent the interlayer space being filled 
equally well by the (-)tartrate ion, and so for this type of packing no 
suggestions can be made about the method (if any) of chiral selection. 
The grooved bilayer 
This type of packing is seen in these structures: 
Strychnine (-)Bitartrate 	3.1 
Strychnine N-Benzoyl-L-alanine 4 
Strychnine N-CBZ-L-valine 	4.1 
Strychnine N-CBZ-L-methionine 4.2 
This type of packing is the more interesting of the two, showing as it does a 
capability to bind two parts of a phenyl ring N protected amino acid. With the 
N-protecting group bound to one bilayer and the acid function to a second, the 
side ,chain of the amino acid has to fit into the interlayer volume between 
succesive bilayers. This volume is determined partly by the distance between 
the acid function and the phenyl ring. One reason why. the N-benzoyl-leucine 
failed to resolve, and give a structure similar to that seen in the valine and 
methionine, may be that the benzoyl group gives a shorter distance than the 
CBZ protecting group, and con5equently a very much reduced interlayer 
volume. The obvious other structure that would be interesting to study, would 
be the resolution, product of N-protected phenylalanine, with a small (formyl or 
acetyl) N-protecting group. As this has one less atom between the acid 
function and the phenyl ring than a N-benzoyl protected amino acid, it implies 
that the available interlayer space would be severly restricted. 
It is interesting to note that although the phenyl ring from the N-protecting 
group fits so well into the groove in the strychnine bilayer, its presence is not 
essential to the formation of the bilayer. This is shown by the (-)bitartrate salt, 
in which the groove is still present, but somewhat widened to accomodate the 
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bulk of the bitartrate ion. 
The mechanism of resolution seems relatively understandable in the 
strychnine amino acid salts within this group. The most stable packing is 
formed when both the salt bridge and phenyl ring/bilayer groove interactions 
form. The side chain of the amino acid must fit into the space remaining. The 
repeat distances in the plane of the bilayer are approximately 8.5 and 9.5A, and 
having the C ot -CB bond point roughly in the 9.5A direction gives most space 
for the rest of the side chain. A second point in favour of this hypothesis is the 
absence of any strong interactions involving the side chain and the strychnine 
b ii aver. 
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Strychnine Bond Lengths for Salts 
4.1 	4.2 	 4.3 	4.3 	(A) 
C(1) - C(2) 1.381( 7) 1.356(12) 1.386( 7) 1.396(  
C(1) - C(6) 1.386( 6) 1.402(12) 1.379( 6) 1.391( 7) 
C(1) - N(l) 1.424( 6) 1.431(11) 1.421( 6) 1.412( 6) 
C(2) - C(3) 1.368( 7) 1.401(12) 1.378( 8) 1.399( 8) 
C(3) - C(4) 1.392( 7) 1.394(12) 1.380( 8) 1.366( 9) 
C(4) - C(5) 1.393( 7) 1.393(12) 1.389( 7) 1.385( 9) 
C(5) - C(6) 1.385( 6) 1.394(12) 1.373( 7) 1.384( 8) 
C(6) - C(7) 1.507( 6) 1.526(11) 1.533( 6) 1.497( 7) 
C(7) - C(8) 1.548( 6) 1.560(11) 1.562( 6) 1.551( 7) 
C(7) - C(9) 1.548( 6) 1.534(11) 1.548( 6) 1.550( 7) 
C(7) -C(11) 1.535( 6) 1.550(11) 1.526( 6) 1.550( 7) 
C(8) -C(14) 1.529( 6) 1.534(11) 1.505( 6) 1.538( 7) 
C(8) - N(1) 1.481( 5) 1.493(10) 1.472( 6) 1.481( 6) 
C(9) -C(12) 1.505( 6) 1.508(11) 1.510( 7) 1.510( 8) 
C(9) - N(2) 1.530( 6) 1.537(10) 1.541( 6) 1.542( 7) 
C(10) -C(11) 1.513( 7) 1.526(12) 1.530( 7) 1.529( 8) 
C(10) - N(2) 1.503( 6) 1.505(11) 1.508( 6) 1.497( 7) 
C(12) -C(13) 1.520( 6) 1.521(12) 1.528( 7) 1.529( 7) 
C(13) -C(14) 1.546( 6) 1.542(11) 1.571( 6) 1.546( 7) 
C(13) -C(16) 1.520( 6) 1.534(12) 1.518( 7) 1.535( 7) 
C(14) -C(19) 1.530( 6) 1.548(12) 1.523( 7) 1.531( 7) 
C(15) -C(16) 1.508( 7) 1.509(12) 1.492(  1.504(  
C(15) - N(2) 1.500( 6) 1.489(10) 1.512( 6) 1.503( 7) 
C(16) -C(17) 1.302( 7) 1.308(13) 1.315(  1.340(  
C(17) -C(18) 1.493( 8) 1.503(13) 1.503( 8) 1.500( 9) 
C(18) - 0(2) 1.448( 7) 1.419(11) 1.453( 6) 1.431( 7) 
C(19) -C(20) 1.521( 7) 1.543(12) 1.542( 8) 1.554( 8) 
C(19) - 0(2) 1.417( 6) 1.426(11) 1.433( 6) 1.434( 6) 
C(20) -C(21) 1.524(7) 1.514(13) 1.505(8) 1.487( 8). 
C(21) - N(1) 1.373( 6) 1.351(12) 1.351( 6) 1.361(  
C(21) - 0(1) 1.206( 6) 1.234(11) 1.223( 6) 1.222( 7) 
N(2) -H(2N) 0.89( 5) 1.080( 	9) 1.080( 5) 1.080( 6) 
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Strychnine Bc nd Angles for Salts 
4.1 	4.2 	4.3 	4.3' 	(° 
C(2) - C(l) - C(6) 
	
121.3( 4) 121.9( 8) 121.0( 4) 121.4( 5) 
C(2) - C(1) - N(1) 129.7(4) 129.0( 8) 129.1( 4) 128.5( 5) 
C(6) - C(1) - N(l) 
	
109.0( 4) 109.1( 7) 109.9( 4) 110.1( 4) 
- C(2) - C(3) 118.7( 5) 118.8( 8) 118.2( 5) 116.9( 5) 
- C(3) - C(4) 
	
121.3( 5) 119.8( 8) 121.0( 5) 121.8( 6) 
- C(4) - C(5) 119.6( 5) 121.4( 8) 120.2( 5) 120.9( 6) 
- C(5) - C(6) 
	
119.2( 4) 117.9( 8) 118.9( 5) 118.9( 5) 
C(1) - C(6) - C(5) 119.9( 4) 120.1( 8) 120.5( 4) 120.1( 5) 
C(1) - C(6) - C(7) 
	
110.9( 4) 112.0( 7) 110.3( 4) 110.0( 4) 
C(S) - C(6) - C(7) 129.1( 4) 127.9( 7) 129.1( 4) 129.5( 5) 
C(6) - C(7) - C(8) 
	
102.4( 3) 101.1( 6) 101.6( 3) 103.2( 4) 
C(6) - C(7) - C(9) 115.3( 4) 116.0( 7) 114.1( 4) 115.9( 4) 
C(6) - C(7) -C(11) 
	
112.3( 4) 111.6( 6) 112.3( 4) 111.8( 4) 
C(8) - C(7) - C(9) 113.5( 3) 115.2( 6) 114.9( 4) 114.1( 4) 
- C(7) -C(ll) 
	
111.9( 3) 110.9( 6) 112.0( 4) 110.3( 4) 
- C(7) -C(l1) 101.9( 3) 102.4( 6) 102.3( 4) 101.8( 4) 
C(7) - C(8) -C(14) 
	
117.4( 3) 116.3( 6) 117.6( 4) 116.9( 4) 
C(7) - C(8) - N(1) 104.2( 3) 106.2( 6) 104.7( 3) 104.5( 4) 
ç(14) - C(8) - N(1) 
	
106.2( 3) 105.6( 6) 106.1( 3) 105.5( 4) 
C(7) - C(9) -C(12) 115.9( 4) 115.0( 7) 115.1( 4) 115.4( 4) 
C(7) - C(9) - N(2) 
	
104.1( 3) 104.5( 6) 103.9( 3) 104.4( 4) 
C(12) - C(9) - N(2) 110.6( 4) 111.3( 6) 110.5( 4) 111.0( 4) 
C(11) -C(10) - N(2) 
	
104.7( 4) 103.9( 6) 104.2( 4) 104.1( 4) 
C(7) -C(11) -C(10) 103.1( 4) 103.5( 6) 102.6( 4) 103.9( 4) 
C(9) -C(12) -C(13) 
	
109.0( 4) 109.0( 7) 109.1( 4) 108.9( 4) 
C(12) -C(13) -C(14) 106.3( 4) 106.0( 6) 106.2( 4) 105.9( 4) 
C(12) -C(13) : -C(16) 
	
109.8( 4) 109.5( 7) 110.0( 4) 109.0( 4) 
C(14) -C(13) -C(16) 114.0( 4) 114.8( 7) 114.1( 4) 114.7( 4) 
C(8) -C(14) -C(13) 
	
111.6( 4) 112.0( 6). 112.3( 4y112.0( 4) 
C(8) -C(14) -C(19) 107.2( 4) 106.7( 6) 108.0( 4) 107.0( 4) 
C(13) -C(14) -C(19) 
	
118.0( 4) 118.9( 7) 118.0( 4) 117.9( 4) 
C(16) -C(15) - N(2) 109.8( 4) 110.9( 7) 110.3( 4) 109.2( 4) 
C(13) -C(16) -C(15) 
	
115.2( 4) 115.3( 7), 115.0( 4) 115.3( 4) 
C(13) -C(16) -C(17) 123.4( 4) 121.6( 8) 122.8( 5) 123.2( 5) 
-C(16) -C(17) 
	
121.3( 5) 123.0( 8) 122.2( 5) 121.5( 5) 
-C(17) -C(18) 121.2( 5) 123.2( 8) 122.9( 5) 122.6( 5) 
-C(18) - 0(2) 
	
109.8( 5) 112.7( 7) 110.2( 4) 111.7( 5) 
C(14) -C(19) -C(20) 110.8( 4) 111.4( 7) 109.2( 4) 109.6( 4) 
C(14) -C(19) - 0(2) 
	
114.7( 4) 113.9( 7) 114.7( 4) 113.6( 4) 
C(20) -C(19) - 0(2) 104.3( 4) 104.3( 7) 103.6( 4) 104.5( 4) 
-C(20) -C(21) 
	
118.2( 4) 117.1( 7) 118.2( 5) 117.9( 5) 
-C(21) - N(1) 114.5( 4) 116.3( 8) 114.7( 4) 116.9( 5) 
C(20) -C(21) - 0(1) 
	
122.1( 5) 121.1( 8) 122.2( 5) 120.6( 5) 
N(l) -C(21) - 0(1) 123.5( 5) 122.6( 8) 123.1( 5) 122.5( 5) 
C(1) - N(1) - C(8) 
	
109.6( 3) 108.9( 6) 110.0( 3) 109.5( 4) 
C(l) - N(1) -C(21) 123.7( 4) 124.8( 7) 125.9( 4) 125.7( 4) 
C(8) - N(1) -C(21) 
	
119.8( 4) 120.4( 7) 119.2( 4) 1195( 4) 
C(9) - N(2) -C(10) 107.9( 3) 108.7( 6) 107.7( 3) 108.9( 4) 
C(9) - ,N(2) -C(15) 
	
113.9( 4) 113.3( 6) 113.2( 4) 113.0( 4) 
C(10) - N(2) -C(15) 112.6( 4) 110.4( 6) 112.2( 4) 112.4( 4) 
C(18) - 0(2) -ç(19) 
	
114.5( 4) 115.2( 6) 114.8( 4) 115.2( 4) 
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Torsion angles of strychnines in salts 
4.1 	4.2 	4.3 	4.3'( 0 ) 
C(6)- C(l)- C(2)- C(3) 	-0.1( 7) 	1.6(13) 	2.0( 7) 	1.6( 8) 
N(l)- C(1)- C(2)- C(3) -177.5( 5) -176.4( 8) -175.5( 5) -178.1( 5) 
C(2)- C(l)- C(6)- C(5) 	0.3( 7) 	0.3(13) 	-1.4( 7) 	-1.6( 8) 
C(2)- C(l)- C(S)- C(7) 176.6( 4) 179.1( 8) 174.9( 4) 172.6( 5) 
N(l)- C(l)- C(6)- C(S) 	178.3( 4) 	178.6( 7) 	176.6( 4) 	178.1( 5) 
N(l)- C(l)- C(6)- C(7) -5.5( 5) -2.6( 9) -7.2( 5) -7.7( 6) 
C(2)- C(1)- N(1)- C(8) 	169.9( 5) 	169.7( 9) 	172.1( 5) 	176.2( 5) 
C(2)-C(l)-N(1)-C(21) 19.2(7) 16.9(14) 17.2(8) 22.3(8) 
C(6)- C(1)- N(l)- C(8) 	-7.9( 5) 	-8.4( 9) 	-5.6( 5) 	-3.5( 5) 
C(S)- C(1)- N(l)-C(21) -158.5( 4) -161.2( 8) -160.5( 4) -157.4( 5) 
C(1)- C(2)- C(3)- C(4) 	0.4( 8) 	-2.7(13) 	-0.2( 8) 	0.1( 9) 
C(2)- C(3)- C(4)- C(5) -1.1( 8) 2.0(13) -2.2( 8) -1.8(10) 
C(3)- C(.4)- C(S)- C(6) 	1.4( 7) 	-0.1(13) 	2.8( 8) 	1.7( 9) 
C(4)- C(S)- C(6)- C(1) -1.0( 7) -1.1(12) -1.0( 7) 0.0( 8) 
C(4)- C(S)- C(6)-. C(7) -176.5( 4) -179.6( 8) -176.5( 5) -173.0( 5) 
C(l)- C(6)- C(7)- C(8) 	I5.6( 5) 	11.7( 8) 	15.8( 5) 	14.9( 5) 
C(1)- C(6)- C(7)- C(9) 139.4( 4) 137.1( 7) 140.0( 4) 140.3( 4) 
C(1)- C(6)- C(7)-C(11) -104.5( 4) -106.2( 8) -104.1( 4) -103.6( 5) 
C(5)- C(6)- C(7)- C(8) -168.6( 5) -169.7( 8) -168.3( 5) -171.6( 5) 
C(S)- C(6)- C(7)- C(9) 	-44.8( 6) 	-44.3(11) 	-44.1( 7) 	-46.1( 7) 
C(S)-C(6)-C(7)-C(l1) 71.3(6) 72.4(10) 71.8(6) 69.9( 7). 
C(6)- C(7)- C(8)-C(14) 	98.1( 4) 	101.1( 7) 	99.4( 4) 	100.1( 5) 
C(6)- C(7)- C(8)- N(l) -19.1( 4) -15.9( 7) -18.1( 4) -16.0( 5) 
C(9)- C(7)- C(8)-C(14) 	-26.9( 5) 	•-24.7( 9) 	-24.3( 5) 	-26.5( 6) 
C(9)-,C(7)- C(8)- N(l) -144.0( 3) -141.8( 6) -141.7( 4) -142.6( 4) 
C(11)- C(7)- C(8)-C(14) -141.5( 4) -140.4( 7) -140.5( 4) -140.3( 4) 
C(11)- C(7)- C(8)- N(1) 	101.4( 4) 	102.5( 7) 	102.1( 4) 	1035( 4) 
C(6)- C(7)-.C(9)-C(12) -83.9( 5) -85.2( 9) -84.5( 5) -85.6( 5) 
C(S)- C(7)- C(9)- N(2) 	154.4( 4) 	152.5( 6) 	154.6( 4) 	152.2( 4) 
C(8)-C(7)-C(9)-C(12). 	33.8(5) 32.6(9) 32.2(5) 34.1(6) 
C(8)-C(7)-C(9)-N(2) -87.9(4) 	-89.8(7) 	-88.7(4) 	-88.1(5) 
C(11)- C(7)- C(9)-C(12) 	154.2( 4) 153.1( 7) 153.9( 4) 152.8( 4) 
C(11)- C(7)- C(9)- N(2) 32.5( 4) 	30.7( 7) 	33.0( 4) 	30.7( 5) 
C(6)-C(7)-C(11)-C(10) -166.7(4) -166.1(6) -166.8(4) -165.7(4) 
C(8)- C(7)-C(11)-C(10) 	78.8(4) 	82.0(7) 	79.6(4) 	80.2(5) 
C(9)-C(7)-C(11)-C(10) -42.8(4) -41.4(8) -44.0(4) -41.3(5) 
C(7)- C(8)-C(14)-C(13) 	42.0(5) 	40.4(9) 	39.3(5) 	41.7(6) 
C(7)-C(8)-C(14)-C(19) 172.7(4) 172.2(6) 171.1(4) 172.4(4) 
N(1)- C(8)-C(14)-C(13) 	158.1( 3) 	157.8( 6) 	156.0( 4) 	157.3( 4) 
N(1)-C(8)-C(14)-C(19) -71.2(4) -70.4(7) -72.2(4) -72.1(4) 
C(7)- C(8)- N(1)- C(l) 	17.2( 4) 	15.7( 8) 	15.3( 4) 	12.5( 5) 
C(7)- C(8)- N(l)-C(21): 169.2( 4) 169.9( 7) 172.2( 4) 168.3( 4) 
C(14)- C(8)- N(l)- C(l) -107.4( 4) -108.3( 7) -109.7( 4) -111.4( 4) 
C(14)- C(8)- N(1)-C(21) 	44.5( 5) 	45.9( 9) 	47.1( 5) 	44.4( 5) 
C(7)-C(9)-C(12)-C(13) -56.1(5) -56.2(9) -56.0(5) -56.7(6) 
N(2)-C(9)-C(12)-C(13) 	62.1(5) 	62.3(8) 	61.2(5) 	61.8(5) 
C(7)- C(9)- N(2)-C(10) -10.7( 4) -9.3( 8) -9.8( 4) -9.4( 5) 
C(7)- C(9)- N(2)-C(15) 	115.2( 4) 	113.9( 7) 	114.8( 4) 	116.3( 4) 
C(12)- C(9)- N(2)-C(10) -135.8( 4) -134.0( 7) -133.7( 4) -134.4( 4) 
C(12)- C(9)- N(2)-C(15) 	-9.9( 5) 	-10.8( 9) 	-9.1( 5) 	-8.6( 6) 
N(2)-C(10)-C(11)- C(7) 36.6(4) 35.6(8) 38.0(4) 35.8(5) 
C(11)-C(10)- N(2)- C(9) 	-16.0( 5) 	-16.5( 8) 	-17.2( 5) 	-16.3( 5) 






























C(20)-C(21)- N(1)- C(1) 
C(20)-C(21)- N(1)- C(8) 
0(1)-C(21)- N(1)- C(1) 
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N-CBZ-L-Valine bond lengths from salt 4.1 in A 
C(l') -C(2') 1.380(10) C(8') -0(1') 1.356(6) 
C(l') -C(6') 1.396(9) C(8') -0(2') 1.207(7) 
C(2') -C(3') 1.368(10) C(9') -C(10') 1.544(7) 
C(3') -C(4') 1.303(10) C(9') -C(13') 1.517(7) 
C(4') -C(S') 1.360( 	9) C(9') -N(1') 1.458( 6) 
C(5') -C(6') 1.364(8) C(lO')-C(ll') 1.505(8) 
C(6') -C(7') 1.500(9) C(10')-C(12') 1.519(8) 
C(7') -0(1') 1.448(8) C(13')-0(3') 1.229(6) 
C(8') -N(l') 1.314(7) C(13')-0(4') 1.251(7) 
N-CBZ-L-Valine angles in salt 4.1 
C(2') -C(1') -C(6') 119.2( 6) C(10')-C(9') -C(13') 113.4(4) 
C(l') -C(2') -C(3') 119.0(7) C(10')-C(9') -N(l') 112.0(4) 
C(2') -C(3') -C(4') 121.5(7) C(13')-C(9') -N(l'). 112.0(4) 
C(3') -C(4') -C(5') 121.4( 7) C(9') -C(10')-C(11') 111.8( 4) 
C(4') -C(S') -C(6') 120.1( 6) C(9') -C(10')-C(12') 110.7( 4) 
C(1') -C(6') -C(5') 118.8( 5) C(11')-C(10')-C(12') 111 .8( 5) 
C(1') -C(6') -C(7') 122.3( 5) C(9') -C(13')-0(3') 119.7( 4) 
C(5') -C(6') -C(7') 118.9( 5) C(9') -C(13')-0(4') 117.5(5) 
C(6') -C(7') -0(1') 108.3(5) 0(3') -C(13')-0(4') 122.7( 5) 
N(l') -C(8') -0(1') 111.1( 4) C(8') -N(l') -C(9') 122.5( 4) 
N(l') -C(8') -0(2') 125.5( 5) C(7') -0(1') -C(8') 114.5( 4) 
0(1') -C(8') -0(2') 123.2( 5) 
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N-CBZ-L-Methionine bond lengths from salt 4.2 in A 
C(1') -C(2') 1.370(14) C(8') -0(2') 1.211(11) 
C(1') -C(6') 1.423(13) C(9') -C(lO') 1.530(12) 
C(2') -C(3') 1.370(15) C(9') -C(13') 1.528(12) 
C(3') -C(4') 1.412(15) C(9') -N(l') 1.453(10) 
C(4') -C(5') 1.374(14) C(10')-C(ll') 1.487(13) 
C(5') -C(6') 1.386(14) C(ll')-S(l') 1.830(10) 
C(6') -C(7') 1.500(13) C(12')-S(1 1 ) -1.794(11) 
 -0(1') 1.445(11) C(13')-0(3') 1.219(11) 
 -N(l') 1.339(12) C(13')-0(4') 1.287(11) 
C(8') -0(1') 1.359(11) 
N-CBZ-L-Methionine bond angles from salt 4.2 in ° 
C(2') -C(1') -C(6') 119.5(9) C(10')-C(9') -C(13') 113.3( 7).  
C(1') -C(2') -C(3') 121.3(10) C(10')-C(9') -N(1') 112.7( 7) 
C(2') -C(3') -C(4') 119.1(10) C(13')-C(9') -N(1') 111.3( 7) 
C(3') -C(4') -C(5') 120.6( 9) C(9') -C(10')-C(11') 115.5( 8) 
C(4') -C(5') -C(6') 119.9(9) C(10')-C(11')-S(l') 114.2(7) 
C(1') -C(6') -C(5') 119.4(9) C(9') -C(13')-0(3') - 120.0(8) 
C(l') -C(6') -C(7') 119.5(8) C(9') -C(13')-0(4') 115.0(7) 
C(5') -C(6') -C(7') 121.0(8)0(3') -C(13')-0(4') 124.9(8) 
C(6') --C(7') -0(1') 104.9( .7) C(8') -N(1') -C(9') 119.6( 7) 
N(1') -C(8') -0(1') 110.4( 8) C(7')-0(1') -C(8') 116.5( 7) 
N(1') -C(8') -0(2') 128.4( 9) C(ll')-S(l') -C(12') 101.1( 5) 
0(1') -C(8') -0(2') 121.1(8) 
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N-CBZ-L-Methionine torsion angles in ° 
C(6') -C(1') -C(2') -C(3') 
C(2') -C(l') -C(6') -C(5') 
C(2') -C(l') -C(6') -C(7') 
C(l') -C(2') -C(3') -C(4') 
-C(3') -C(4') -C(5') 
-C(4') -C(5') -C(6') 
-C(5') -C(6') -C(l') 
C(4') -C(S') -C(6') -C(7') 
C(l') -C(6') -C(7') -0(1') 
-C(6') -C(7') -0(1') 
-C(7') -0(1') -C(8') 
0(1') -C(8') -N(1') -C(9') 
0(2') -C(8') -N(1') -C(9') 
N(l') -C(8') -0(1') -C(7') 
0(2') -C(8') -0(1') -C(7') 
C(13' )-C(9' ) -C(10')-C(1l' 
N(l') -C(9') -C(10')-C(ll' 
C(10' )-C(9' ) -C(13')-0(3')  
C(10' )-C(9' ) -C(13')-0(4')  
N(1') -C(9') -C(13')-0(3') 
N(1') -C(9') -C(13')--0(4') 
C(10')-C(9') -N(1') -C(8') 
C(13')-C(9') -N(l') -C(8') 
C(9 - ) -C(10' )-C(ll' )-S(1' 



























N-benzoyl-leucines bond lengths in A 
C(31) -C(32) 1.389(9) C(31')-C(32') 1.374(9) 
 -C(36) 1.378(8) C(31')-C(36') 1.374(8) 
 -C(33) 1.389(11) C(32')-C(33') 1.393(10) 
C(33) -C(34) 1.395(11) C(33')-C(34') 1.342(11) 
C(34).-C(35) 1.371(10) C(34')-C(35') 1.394(10) 
C(35) -C(36) 1.386(8) C(35')-C(36') 1.373(9) 
C(36) -C(37) 1.480(7) C(36')-C(37') 1.526(8) 
C(37) -N(31) 1.330(6) C(37')-N(31') 1.344(7) 
C(37) -0(31) 1.251(6) C(37')-0(31') 1.210(7) 
C(38) -C(39) 1.532(7) C(38')-C(39') 1.533(8) 
C(38) -C(40) 1.529(7) C(38')-C(40') 1.542(8) 
C(38) -N(31) 1.467(6) C(38')-N(31') 1.458(7) 
C(39) -0(32) 1.224(6) C(39')-0(32') 1.236(7) 
C(39) -0(33) 1.275(6) C(39')-0(33') 1.265(7) 
C(40) -C(41) 1.532(8) C(40')-C(41') 1.479(9) 
C(41) -C(42) 1.506(9) C(41')-C(42') 1.539(11) 
C(41) -C(43) 1.531( 9) C(41')-C(43') 1.564(11) 
N-benzoyl-leucines bond angles in ° 
C(32) -C(31) -C(36) 
C(31) -C(32) -C(33) 
C(32) -C(33) -C(34) 
C(33) -C(34) -C(35) 
C(34) -C(35) -C(36) 
C(31) -C(36) -C(35) 
C(31) -C(36) -C(37) 
C(35) -C(36) -C(37) 
C(36) -C(37) -N(31) 
C(36) -C(37)-0(31) 
N(31) -C(37) -0(31) 
C(39) -C(38) -C(40) 
-C(38) -N(31) 
-C(38) -N(31) 
C(38) -C(39) -0(32) 
C(38) -C(39) -0(33) 
0(32) -C(39) -0(33) 
C(38) -C(40) -C(41) 
C(40) -C(41) -C(42) 
C(40) -C(41) -C(43) 
C(42) -C(41) -C(43) 























5) C(32' )-C(31' )-C(36' 
7) C(3l' )-C(32' )-C(33' 
7) C(32' )-C(33' )-C(34' 
7) C(33' )-C(34' )-C(35' 
6) C(34' )-C(35' )-C(36' 
5) C(31' )-C(36' )-C(35' 
5) C(31' )-C(36' )-C(37' 
4) C(35' )-C(36' )-C(37' 
4) C(36' )-C(37' )-N(31' 
4) C(36' )-C(37' )-0(31' 
4) N(31' )-C(37' )-0(31' 
4) C(39' )C(38' )C(40' 
4) C(39' )-C(38' )-N(31' 
4) C(40' )-C(38' )-N(31' 
4) C(38' )-C(39' )-0(32' 
C(38' )-C(39' )-0(33' 
0(32' )-C(39' )-0(33' 
C(38' )-C(40' )-C(41' 
C(40' )-C(41' )-C(42' 
5) C(40' )-C(41' )-C(43'  
5) C(42' )-C(41' )-C(43' 
























N-Benzoyl-leucines torsion angles in ° 
C(36)-C(31)-C(32)-C(33) 	-1.2(10) 	1.6(10) 
C(32)-C(31)-C(36)-C(35) -2.1(8) -0.9(9) 
C(32)-C(31)-C(36)-C(37)-179.9( 5) 	179.3(6) 
C(31)-C(32)-C(33)-C(34) 	3.2(11) -1.5(11) 
C(32)-C(33)-C(34)-C(35) -2.0(12) 	0.7(12) 
C(33)-C(34)-C(35)-C(36) 	-1.3(10) 0.0(11) 
C(34)-C(35)-C(36)-C(31) 3.3( 9). 	0.1(10) 
C(34)-C(35)-C(36)-C(37)-178.7( 6) 179.9(6) 
C(31)-C(36)-C(37)-N(31) -27.6(7) 	28.4(8) 
C(31)-C(36)-C(37)-0(31) 154.5(5) -149.7(6) 
C(35)-C(36)-C(37)-N(31) 154.5(5) -151.5(5) 
C(35)-C(36)-C(37)-0(31) -23.4(7) 30.5(8) 
C(36)-C(37)-N(31)-C(38)-176.9( 4) -179.7(4) 
0(31)-C(37)-(31)-C(38) 0.9(7) -1.7(8) 
C(40)-C(38)-C(39)-0(32) -85.8( 6) 	-96.1( 6) 
C(40)-C(38•)-C(39)-0(33) 	95.8(5) 84.3(6) 
N(31)-C(38)-C(39)-0(32). 34.8(6) 	144.8(5) 
N(31)-C(38)-C(39)-0(33)-143.6( 4) -34.8(7) 
C(39)-C(38)-C(40)-C(41) -59.8(6) 	58.5(7) 
N(31)-C(38)-C(40)-C(41) 177.6(4) -178.4(5) 
C(39)-C(38)-N(31)-C(37) 	77.8(5) 	-70.5(6) 
C(40)-C(38)-T(31)-C(37)-158.7( 4) 166.8(5) 
C(38)-C(40)-C(41)-C(42) -54.3(6) 	60.4(8) 
C(38)-C(40)-C(41)-C(43)-177.1( 5) -178.1(6) 
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Water bond lengths and angles from 4.1 
O(1W)-H(11W) 0.99(5) O(1W)-H(12W) 1.06(5)A 
0(2W)-H(21W) 1.05(5) 0(2W)-H(22W) 0.93(5) 
11(11W)- O(1W)-H(12W) 	120(4) 	11(21W)- 0(2W)-H(22W) 	91(4) 0 
Water bond lengths and angles from 4.3 
0(2W)-E(21W) 1.02(4) 0(2W)-H(22W) 1.03(4)A 
0(3W)-H(31W) 1.08(4) 0(3W)-H(32W) 1.03(4) 
0(4W)-H(41W) 1.03(4) 0(4W)-H(42W) 1.07(4) 
0(5W)-H(51W) 0.95(4) 0(5W)-H(52W) 0.96(4) 
0(6W)-H(61W) 1.03(4) 0(6W)-H(62W) 1.06(4) 
11(21W)- 0(2W)-H(22W) 	147(3) 11(31W)- 0(3W)-H(32W) 
	108(3) 0 
11(41W)- 0(4W)-H(42W) 119(3) 11(51W)- 0(5W)-H(52W) 156(4) 
11(61W)- 0(6W)-H(62W) 	113(3) 
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CCDB refcodes used in comparison to structure 4.1 
BAKRIO BATMAK BEPZAX BIBVOX BIZSOS 
BUDTOJ BUDTUP BUFTOL BVXIPO CAMGIG 
CAMGOM CAPZIC CIEWUF CIHNUC DVLTLV10 
MAJUSB MAURTA1O MEPVAL MVALHV NACVAL 
PRPRDE PRVAGL 
CCDB refcodes used in comparison to structure 4.2 
ACMETM 	ACMTDE 	ALAMET10 AMETMA 	BCMEGL 
BOMETM 	BUPSOU 	FMLPLA 	FOLMET1O GASTRN10 
METMET 
CCDB refcodes used in comparison to structure 4.3 
ACLLEU ALEUIP ALNNAM BACLEU BACXIM10 
BCGPLG10 BCPLGY20 BGPLGP BGPLGQ BIXNIF1O 
BLEGLE BOCPLB BODMOW BSELGY20 BUFTOL 
BXCPLG BZCPLE BZXGPL10 CAJMEF10 CALFAW 
CALFIE CAPHOG CBXLEU CUBTOI FMLPLA 
GGPLMH10 GLYLEU1O HIMLBU LPTILL MLEUGY 
NALEUE VANCMN 
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Intermolecular Contacts from structure 4.1 
Intermolecular C -C distances less than 3.6A 
C(5) 	- C(3') (-1 +X 	,-1 	+Y 	,Z 	) 3.563(9) 
C(4) - C(13) (1 	+X 	,Y 	,Z 	) 3.577(7) 
Intermolecular C -H distances less than 2.8A 
C(13') 	- H(2N) (1 -x 	,1/2+Y 	,l 	-z 	) 2.41(5) 
C(4) - H(131) (1 	+X 	,Y 	,Z 	) 2.540(7) 
C(3') 	- H(181) (2 	+X 	,Y 	,Z 	) 2.684(10) 
Intermolecular C -N distances less than 3.6A 
C(13') 	- N(2) (1 -X 	,1/2+Y 	,i -z 	) 3.280(6) 
Intermolecular C -O distances less than 3.4A 
C(15) - 	0(4') (1 -X 	,-1/2+Y 	,i -z 	) 3.221(7) 
C(2) - 	0(2) (-X 	,-1/2+Y 	,-Z 	) 3.313(6) 
 - 	0(3') (1 -X 	,-1/2+Y 	,i -z 	) 3.369(6) 
C(15) - 	0(2W) (-1 	+X 	,-1 +Y 	,Z 	) 3.372(8) 
 - 	0(4' (1 -X 	,-1/2+Y 	,1 -z 	) 3.381(7) 
C(4) - 	0(1) (1 -X 	,-1/2+Y 	,-Z 	) 3.385(6) 
Intermolecular H -N distances less than 2.8A 
H(152) - 	N(l') (-1 	+X 	,Y 	,Z 	) 2.783(6) 
Intermolecular H -0 distances less than 2.6A 
H(2N) - 	0(4') (1 	-X 	,-1/2+Y 	,l -z 	) 1.72(5) 
H(1N') - 	0(1W) (1 	+X 	,Y 	,Z 	) 2.15(5) 
H(22W) - 	0(2') (X 	,Y 	,Z 	) 2.19(5) 
H(11W) - 	0(4') (1 -X 	,-1/2+Y 	,1 -z 	) 2.33(5) 
H(lSl) - 	0(2W) (-1 +X 	,-i 	+Y 	,Z 	) 2.331(8) 
H(12W) - 	0(4') (-1 	+X 	,f 	,Z 	) 2.50(5) 
H(2N) - 	0(3') (1 -X 	,-1/2+Y 	,l -z 	) 2.53(5) 
Intermolecular N -0 distances less than 3.4A 
N(2) - 	0(4') (1 -X ,-1/2+Y 	,l -z 	) 2.591(6) 
N(l') - 	0(1W) (1 +X ,Y 	,Z 	) 2.968(7) 
N(2) - 	0(3') (1 -X ,-1/2+Y 	,l -z 	) 3.232(5) 
Intermolecular 0 -0 distances less than 	3.2A 
0(3') - 	0(2W) (1 -X ,-1/2+Y 	,1 -z 	) 2.796(7) 
0(2') - 	0(2W) (X ,Y ,Z 	) 2.854(8) 
0(4') - 	0(1W) (1 +X ,Y 	,Z 	) 3.151(8) 
/ 
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Intermolecular contacts from structure 4.2-
Intermolecular c -c distances less than 3.6A 
	
C(5) - C(l') 	(-1/2+X ,1/2-Y ,i -z ) 
C(15) - C(13') (1 -x ,-1/2+Y ,1/2-Z 
C(12) - C(4') 	(-1/2+X ,1/2-Y ,l -z 
Intermolecular C -H distances less than 2.8A 
C(13') - H(2N) 	(1 -x ,1/2+Y ,1/2-Z 
C(4) 	- H(131) (X ,Y ,1 +Z 
C(3') - H(81) 	(1/2+X ,l 1/2-I ,l -Z 
C(7') - H(51) (1/2+X ,1/2-Y ,l -Z 
Intermolecular C -N distances less than 3.6A 
C(13') - N(2) 	(1 -x ,1/2+Y ,1/2-Z 
Intermolecular C -0 distances less than 3.4A 
C(15) 	- 0(3') (1 -x ,-1/2+Y ,1/2-Z 
C(9) - 0(4') (1 -x ,-1/2+I ,1/2-Z 
- 0(3') (1 1/2-X ,l -Y ,-1/2+Z 
- 0(3') (1 1/2-X ,l -Y ,-1/2+Z 
C(3') 	- 0(2) (1/2+X 	,l 1/2-I ,l 	-Z 














H(2N) - 0(4' 
H(1N') 	- 0(4') 
H(321) 	- 0(3') 
H(2N) 	- 0(3') 
H(91') 	- 0(3') 
H(51) 	- 0(1') 
E(31') 	- 0(2) 
11(312) 	- 0(2') 
11(151) 	- 0(2') 
11(41) 	- 0(1) 
11(121) 	- 0(1) 
(1 -x ,-1/2+Y ,1/2-Z 
(1 1/2-X ,l -Y ,1/2+Z 
(X 1 -1 +1 ,Z 
(1 -x ,-1/2+I ,1/2-Z 
(1 1/2-X ,1 -Y ,-1/2+Z 
(-1/2+X ,1/2-Y ,l -Z 
(1/2+X ,l 1/2-I ,1 -Z 
(1 1/2-X ,l -I ,1/2+Z 
(-1/2+X ,1/2-Y ,-Z 
(1 -x ,-1/2+Y ,l 1/2-Z 












Intermolecular N -0 distances less than 3.4A 
N(2) 	- 0(4') 	(1 -x ,-1/2+Y ,1/2-Z .) 
	
2.591(9) 
N(l' ) - 0(4') (1 1/2-X ,l -Y ,1/2+Z 3.054(9) 




Intermolecular distances from structure 4.3 
Intermolecular c -c distances less than 3.6A 
C(37) - 	C(31') 
C(21') - 	C(42') 
C(3) - C(33') 
C(lO') - C(35') 
C(2') - 	 C(33) 
C(9') - 	C(39') 
C(9) - 	 C(39) 
(X ,Y ,Z 
(1 +X ,l +Y ,Z 
(-1 +X ,-1 +Y ,Z 
(X ,Y ,Z 
(1 +X ,l +Y ,Z 
(1 +X ,Y ,Z 








Intermolecular C -H distances less than 2.8A 
C(39') - H(22N) (-1 +X ,Y 	,Z 
C(39) - H(21N) (1 +X ,Y 	,Z 
C(2') - H(331) (1 +X ,1 	+Y 	,Z 
C(2') - H(201) (1 +X ,1 +Y 	,-1 +Z 
Intermolecular C -N distances less than 3.6A 
C(39') - N(2') 	(-1 +X ,Y,Z 
C(39) - N(2) (1 +X ,y ,z 
C(42') - N(l') 	(-1 +X ,-1 +Y ,Z 








C(18') - 	 0(7W) (X ,Y ,-1 +Z 	) 2.919(17) 
C(17') - 	 0(7W) (X ,Y ,-i +Z 	) 3.044(17) 
 - 	 0(32) (-1 +X ,Y ,Z 	) 3.158(6) 
C(31') - 	 0(32) (-1 +X ,Y ,Z 	) 3.194(7) 
C(31) - 0(33') (1 +X ,Y ,Z 	) 3.202(7) 
C(lO') - 	0(33') (1 +X ,Y ,Z 	) 3.225(7) 
C(4') - 	 0(2') (1 +X ,Y ,Z 	) 3.258(7) 
 - 	 0(33) (-1 +X ,Y ,Z 	) 3.284(6) 
C(9') - 0(32') (1 +X ,Y ,Z 	) 3.296(7) 
C(9') - 0(33') (1 +X ,Y ,Z 	) 3.307(6) 
C(12') - 	 0(7W) (1 +X ,Y ,-1 	+Z 	) 3.310(17) 
C(21) - 	 0(1') (-1 +X ,-1 +Y 	,l +Z 	) 3.317(7) 
C(39) - 	 0(1W) (X ,Y ,Z ) 3.325(7) 
C(38) - 	 0(1W) (X ,Y ,Z ) 3.355(7) 
C(19') - 	 0(2W) (X ,Y ,-1 +Z 	) 3.378(8) 
C(17) - 	 0(1W) (X ,Y ,Z ) 3.379(7) 
C(20') - 	 0(2) (X ,1 +Y ,-1 	+Z 	) 3.393(7) 
C(9) - 	 0(33) (-1 +X ,Y ,Z 	) 3.399(6) 
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Intermolecular H -O distances less than 2.6A 
H(52W) - 	 0(7W) 
H(21N) - 	 0(33) 
H(22N) - 	0(33') 
H(61W) - 	 0(3W) 
H(62W) - 	 0(1') 
H(42W) - 	 0(1W) 
H(32N) - 	 0(32) 
H(31N) - 0(33') 
H(21W) - 	 0(4W) 
H(22N) - 	0(32') 
H(22W) - 	 0(33) 
H(192) - 	 0(2W) 
H(31W) - 	 0(2) 
H(91) - 	 0(32) 
H(154) - 	 0(31') 
H(183) - 	 0(7W) 
H(311) - 	0(33') 
H(52) - 0(31') 
H(202) - 	 0(2') 
H(381) - 	 0(1W) 
H(142) - 	 0(1) 
H(123) - 	 0(7W) 
H(181) - 	 0(5W) 
H(21N) - 	 0(32) 
H(51W) - 	 0(6W) 
(X ,Y ,Z 
(-1 +X ,Y ,Z 
(1 +X ,Y ,Z 
(X ,Y ,Z 
(-1 +X ,-i +Y ,l 
(-1 +X 1 -1 +Y ,Z 
(-1 +X ,Y ,Z 
(1 +X ,Y ,Z 
(1 +X ,1 +Y ,Z 
(1 +X ,Y ,Z ) 
(-1 +X ,Y ,Z 
(X ,Y ,-1 +Z 
(X ,Y ,Z 
(-1 +X ,Y ,Z 
(X ,Y ,Z 
(X ,Y ,-i +Z 
(1 +X ,Y ,Z 
(1 +X ,Y ,Z 
(X i -i +1 ,l +Z 
(X ,Y ,Z 
(1 +X ,1 +Y ,-1 4 
(1 +X ,Y ,-1 +Z 
(1 +X ,Y ,Z 
(-1 +X ,Y ,Z 


























Intermolecular N -0 distances less 'than 3.4A 
N(2) - 	 0(33) (-1 +X ,Y ,Z 	) 2.679(5) 
N(2') - 	 0(33') (1 +X ,Y ,Z 	) 2.686(6) 
N(31') - 	 0(32) (-1 +X ,Y ,Z 	) 2.900(6) 
N(31) - 	0(33') (1 +X ,Y ,Z 	) 2.933(5) 
N(2') - 	0(32') (1 +X ,Y ,Z 	) 3.121(6) 
N(l) - 	 0(1') (-1 +X ,-i +Y 	,1 	+Z 	) 3.180(5) 
N(2) - 	 0(32) (-1 +X ,Y ,Z 	) 3.299(5) 
144 
Intermolecular 0 -o distances less-than 3.2A 
0(5W) 	- 0(7W) (X ,Y ,Z ) 2.451(17) 
0(1W) 	- 0(7W) (1 +X ,Y ,Z 	) 2.676(16) 
0(1W) - 0(4W) (1 +X ,l +Y 	,Z 	) 2.757(7) 
0(32') 	- 0(3W) (-1 +X ,Y ,-1 	+Z 	) 2.768(7) 
0(33) 	- 0(1W) (X ,Y ,Z ) 2.773(6) 
0(3W) 	- 0(6W) (X ,Y ,Z ) 2.801(8) 
0(31) 	- 0(1W) (X ,Y ,Z ) 2.812(6) 
0(2W) 	- 0(4W) (1 4-X 1 1 +Y 	,Z 	) 2.816(8) 
0(1') 	- 0(6W) (1 +X 1 1 +Y 	,-1 +Z 	) 2.817(7) 
0(32') 	- 0(5W) (X ,Y ,-i +Z 	) 2.820(8) 
0(1) - 0(4W) (X ,Y ,Z ) 2.830(6) 
0(5W) 	- 0(6W) (X ,Y ,Z ) 2.855(9) 
0(33) 	- 0(2W) (1 +X ,Y ,Z 	) 2.858(7) 
0(2) - 0(3W) (X ,Y ,Z ) 2.949(7) 
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CHAPTER 5 
A BRUCINE PACKING MODIFICATION 
This chapter deals with two salts, brucine N-acetyl--D-pheriylalanine and 
brucine N-CBZ-L-aspartic acid, which exhibit an interesting variation on the 
kinked ribbon type of packing seen in the brucine simple salts. 
5.1. Brucine N-acetyl--D-phenylalanine 
This crystal was prepared by Dr. S.S.B. Glover at the end of his Ph.D. 
project. The crystals were grown from a 1:1 mixture of 
N-acetl-D-phenylalanine and brucine which had been dissloved in D20 as part 
of a NMR experiment. The crystal data are given below. 
C23H27N204 4 .C11H12N103.4H20 M=673.70 space group P21 
a =11.080(8) 	b =7.526(2) 	C =20.137(8) A 8 =91.23(5) ° 
U=1678.8Z=2 D =1.33 g ciri 3 T = 293 K 
Mo-Ks radiation, X 
X 
= 0.71069 A p = 0.93 cm-1 , F(000) = 720 
The most similar derivative resolved is N-Formyl-phenylalanine 79 in which the 
D enantiomer preferentially crystallised with brucine from dry methanol. The 
crystal was a triangular plate of thickness 0.12 mm, base 0.64 mm, and altitude 
0.32 mm. Oscillation and Weissenberg photographs gave an initial unit cell and 
the space group, P2 1 . The data were recorded on a Nonius CAD-4 four circle 
diffractometer using graphite monochromated MoK a  radiation. The unit cell was 
refined using 25 reflections with e between 7.8 ° and 15.1 0. Data were collected 
to a maximum e of 25 0 (h=-13 13, k=0 8, 1=0 24), and 3169 unique data were 
recorded of which 1326 had 1<2c(l). During data collection the intensity of one 
reflection was monitored and no crystal decay was apparent. This was one of 
the earliest structures solved in this project,- and at that time the automatic 
Patterson rotation function was not available. An early prerelease version of 
SHELXS-84 was unable to solve the structure, so several attempts were made 
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using the MULTAN-80 76 direct methods suite of programs. In the Fourier output 
from one of these runs it was possible to see a recognisable fragment 
consisting of rings I, II and most of ring Ill. An ordinary difference Fourier failed 
to produce an interpretable map, and so DIRDIF 51 was used to expand and 
refine the partial phases calculated from this fragment, and in the Fourier map 
calculated with these refined phases it was possible to find the non-hydrogen 
skeletons of both the brucine and the N-acetyl-D-phenylalinate ions. These 
atoms were input to the refinement program 55  and gave an initial R-factor of 
0.28. In the first difference Fourier map four large peaks unconnected to the 
main ions were found, and these peaks were assigned as water molecules. 
Refinement of this model with each atom having an isotropic thermal 
parameter converged at an R of 0.10. Hydrogens were added in calculated 
positions with fixed isotropic thermal parameters and constrained to ride with 
their parent atoms. All non-hydrogen atoms except the water oxygens were 
allowed to refine with anisotropic thermal parameters, and it became possible 
to pick the water hydrogens Out of difference Fourier maps. These hydrogens 
were added with constrained 0-H and H-H distances and the water oxygens 
allowed to refine with anisotropic thermal parameters. As an experiment the 
positional parameters of the hydrogens on the brucine and phenylalanine were 
allowed to refine for two cycles of least squares. No very short or long bonds 
to the hydrogens appeared, so the refinement was continued on this basis. The 
data were weighted according to the scheme 
W=,/(a2+ 0.000587F  21 
which gave the most even distribution of variance in ranges of e and abs(F). In 
the final cycle of least squares 574 parameters in two blocks were refined 
using 1843 data, with the largest shift over esd on a parameter of 0.36 with the 
average value less than 0.1. The highest peak in the final difference Fourier 
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map was 0.17eA 3 and the deepest trough was 0.17eA 3. The final R-factor was 
0.0403 with Rw  at 0.0397. 
Brucine geometry 
The strychnine portion of the brucine ion in this structure does not deviate 
far from the common geometry - estabished in the previous structures. The 
anomalous difference in the C-N bond lengths around the amine nitrogen is 
present but not so marked as in some of the previous brucine/strychnine ions. 
The C-N bond lengths are 
C(9)-N(2) 1.527(7) 	C(10)-N(2) 1.497(7) 	C(15)-N(2) 1.500(8)A 
The wide angle at C(20) in ring Ill is also present, but slightly narrower than in 
some 	previous structures 	with C(19)-C(20)-C(21) 	at 	117.0(5)1 , 	 and 	the 	ring 
angle 	at the 	neighbouring sp 2 carbon 	C(21) also 	narrowed 	C(20)-C(21)-N(1) 
115.0(5) 0 . The flexible 	torsion angle 	in 	this 	ring, 	C(19)-C(20)-C(21)-N(1), 	is 
-42.9(7) 0 in this structure. 
In the aromatic ring the angle at C(2) is narrower than the angle opposite at 
C(5), with C(1)-C(2)--C(3) at 118.0(5) °, C(4)-C(5)-C(6) at 119.6(5) ° and average of 
the other five ring angles of 120.4 0. The asymmetric attachment of the methoxy 
groups is present in this structure with C-C-O angles of 
C(2)-C(3)-0(3) 	124.0(4) 	C(4)-C(3)-0(3) 	115.6(4) 0 
C(5)-C(4)-0(4) 124. 6(4) C(3)-C(4)-0(4) 114.8(4) 
with no difference between the two methoxy groups despite a larger twist of 
the methoxy group with respect to the aromatic ring in the group attached to 
C(4). The torsion angles are C(2)-C(3)-0(3)-C(22) 5.6(7) 0 and 
C(5)-C(4)-0(4)-C(23) 22.2(7) 0 . This is one of the few structures in this thesis in 
which the hydrogen positions have been allowed to refine, and it is notable 
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that the hydrogens on the methoxy groups have kept close to the staggered 
conformation in which they are usually fixed. 
H(221) 171(3) H(231) 164(4) 0 
H(222)-C(22)-0(3)-C(3) 72(4) H(232)-C(23)-0(4)-C(4) 44(3) 
H(223) -63(5) H(233) -74(3). 
N-acetyl-D-phenylalanine geometry 
The phenylalanine is unexceptional with all bond lengths within the ranges 
commonly encountered in each type of bond. The numbering scheme and 
conformation of the phenylalanine are shown in fig 5.1a. 
Y 6 
O 7 CH2 H 	2' 
II 	
\p 1.0 
1 C H3 CNCCK H 
Fig. 5.la 
The two oxygens in the acid function have equal C-O bond lengths with 
C(9')-0(1') at 	1.251(7)A and C(9')-0(2') at 	1.243(7)A. It is interesting to compare 
the simple amide in the N-acetyl protecting group to that in the brucinium ion, 
noting the slight lengthening in the more strained brucine C-N distance. 
C(21)-0(1) 	1.226(6) 	C(21)-N(1) 	1.348(7) 	A 
	
C(10')-0(3') 1.236(7) C(10')-N(1') 1.324(7) 
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The phenyl ring and the acid function are almost as far apart as possible 
with the torsion angle C(6')-C(7')-C(8')-C(9') at -175.3(7) 0 . The phenyl ring is 
tilted at approximatly 45 0 to the bond C(7')-C(8') with the torsion 
C(5')-C(6')-C(7')-C(8') at 45.6(8) 0 . 
A search was made in the Cambridge Cstallographic database 
64  for the 
phenylalanine fragment, and 	this 	gave 	58 hits. 	65 	distinct 	data 	sets 	were 
retrieved, and of these .25 had no coordinates stored. In the remaining 40 
coordinate sets the phenylalanine fragment was identified uniquely 64 times. 
The geometry, of these fragments confirmed that there were no exceptional 
bond lengths in the phenylalanine in this structure, and showed that the wide 
angle at.the sp 2 carbon C(7'), C(6')-C(7')-C(8') 1 14.2(5) °, is close to the average 
value of 113.6 0  for phenylalanines. The trans conformation occurs in 33 of the 
64 observed phenylalanines, the other major conformation having the acid 
function gauche to the side chain. The extreme tilting of the phenyl ring 
appears unusual, with most structures having the torsion C(5')-C(6')-C(7')-C(8') 
in the range 60-120 0, and only one other structure having a more steeply tilted 
ring. 
Hydrogen Bonding 
A packing diagram of 5.1 is shown in fig 5.1b. There are four water 
molecules in this structure, of which two are used exclusively to hydrogen 








with 0(4W) forming two hydrogen bonds to the same phenylalaninate ion. The 
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Fig. 5.1b Packing diagram of 5.1 
b axis projection 
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remaining two water molecules form a chain which links the amide function of 
the brucine ion to this hydrogen bonded column. 
0(2W)..0(1) 	2.833(5) 	0(2W)..0(3W) 	3.079(7)A 
0(3W)..0(1') 2.788(6) 
0(3W) also makes a close 0..0 contact with 0(2) on a different brucine ion, 
however the 0-H..O angle is far from linear suggesting that is a very weak 
hydrogen bond. 
0(3W)..0(2) 2.812(6.) H(32W)..0(2W) 2.87(7)A 	O-H..O 76(4) 0 
The O..0-acceptor precursor angle is 113.3 0 (using C(18) as 0(2)'s precursor 
atom), close to the optimum value of 120 0 which indicates that the position of 
H(32W) may be incorrect. There is also the usual salt bridge between the 
protonated amine function on the brucine and the carboxylic acid function of 
the amino acid, N(2)..0(2) 2.686(6)A with a H-0 distance of 1.93(5)A and an 
N-H..0 angle of 169.8 0 . The hydrogen nitrogen bond length has contracted 
somewhat at 0.76(5)A, and using an idealised N-H distance of 1.03A 80 the 
geometry of the bond is H..0 1.67A N-H..0 168.2 0 . 
Other non-bonded interactions 
There is one outstandingly short C..0 contact in this structure C(20)..C(23) 
at 3.361(8)A between two brucinium ions related by a translation in the 
x-direction, and this repulsive contact must be a contributing factor to the 
larger than normal twist of the methoxy group containing C(23). There is a 
large jump in contact distance to the next intermolecular C..0 contact, which is 
between two carbons in phenyl rings. This contact is the shortest of several 
involved in an edge to face interaction 77  between symmetry related phenyl 
rings that form a zig-zag ribbon parallel to the b -axis. These contacts are 
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C(5')..C(3') 3.641(10) 	H(51')..C(3') 2.78(5)A 
C(4')..C(2') 3.830(12) 
with in interplanar angle of 77.7 °. The phenyl ring is in a similar geometry with 
the vinyl group of the brucine, on the other side of the phenyl ring. 
C(17)..C(5') 	3.830(9) 	H(171)..C(5') 	2.84(6)A 
C(17)..C(6') 3.807(8) H(171)..C(6') 	2.91(6) 
with a similar interplariar angle between C(16),C(17) and C(18) and the phenyl 
ring of 77.7 °. The C..0 contacts are long, but the pointing of the hydrogens into 
the it cloud of the aromatic system suggests some stabilising interaction. 
C(18), which is next to the vinyl group, also makes a close C..0 contact to a. 
different phenyl ring, but in this case the protons on each carbon atom are 
pointing very approximatly at one another. 
C(18)..C(1') 	3.735(10) 	H(182)..H(11') 	2.22(7)A 
The shortest intermolecular C..O contact, not directly attributable to proximity 
to a hydrogen bond, is between two brucine ions, and involves one of the 
methoxy oxygens and an sp 3 carbon. This contact is also responsible for the 
shortest, non-hydrogen bond, H..O contact. 
C(12)..0(3) 	3.318(6) 	H(121)..0(3) 	2.54(6)A 
H(121) is also close to the other methoxy oxygen on that brucine, with 
H(121)..0(4) at 2.66(6)A. The N-acetyl groups of the phenylalanine form into an 
infinite column about a two fold screw axis, with a close contact C(11')..0(3') at 
3.343(9)A and an interplanar angle between subsequent N-acetyl groups of 
19.12 0 . 
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5.2. Brucine CBZ-L-Aspartic acid 
This crystal was grown from a 2:1 mixture of brucine and CBZ-L-aspartic 
acid dissolved in 96% ethanol/water mixture. The crystal was a thick plate of 
dimensions 0.52x0.45x0.25 mm. The crystal data are given below 
(C23H27N204)2.C12H10N1O6 2 .6H20 M=1163.16 space group P21 
a =11.423(6) b =32.67(1) C =7.348(4) A B =92.37(5) ° 
U 2739.8Z =2 0 =1.41 g crri 3 T = 293 K 
Mo-Ku radiation, X 
X 
= 0.71069 A ji = 1.00 cm 	, F(000) = 1238 
CBZ-aspartic acid has not been resolved with brucine, but the benzoyl 
derivative has 2 . The data were collected on a Nonius CAD-4 four circle 
diffractometer using graphite monochromated MoK OL radiation. The unit cell was 
determined and refined using 15 reflections ranging between 9 and 100  in e. 
Data were collected to maximum 0 of 25 0 (h=-13 13,k=0 38,1=0 8), and 4928. 
unique data were collected, of which 2345 had 1<2al. The intensity of one 
reflection was monitored during data collection and no appreciable crystal 
decay was observed. The structure was solved using automatic Patterson 
search techniques 52 , with a strychnine molecule as the search fragment. In the 
Fourier map output at the end of this procedure it was possible to find both 
brucines and almost all of the CBZ-aspartic acid, the missing atoms being in 
the aspartic acid side chain. Upon input to the refinement program 55 these 
atoms gave an initial R-factor of 0.26. After one cycle of least squares 
refinement it was possible to find three of the four missing atoms from the 
side group, and also five strong, unconnected peaks which were assigned as 
water molecules. After the next cycle of least squares it was possible to find 
another water molecule, but not until the following cycle was the final oxygen 
in the aspartic acid side chain found. This model was refined with each atom 
having an isotropic thermal parameter to convergence at R=0.1171. Hydrogens 
were added in calculated positions on the brucines and the CBZ-aspartate with 
154 
fixed isotropic thermal parameters. This model refined to an R of 0.10 when all 
the non hydrogens were allowed to refine with six anisotropic thermal 
parameters. During this period of refinement the hydrogens on the water 
molecules were picked out of several successive Fourier difference maps, and 
added with constrained 0-H and H-H distances. When this refinement had 
converged the geometric constraints were removed from the non water 
hydrogens and a further two cycles of refinement executed. Some of the 
hydrogens developed long C-H bonds and so distance constraints were applied 
to all C-H and N-H bond lengths. The data were weighted according to the 
scheme 
W=1/{a 2+0.0017F 2} 
which gave the most even distribution of variance in ranges of sin(8) and 
abs(F). In the final cycle of least squares. 981 parameters were refined in three 
blocks using 2583 reflections. The largest shift over esd was 0.94 on a 
hydrogen and 0.34 on a non hydrogen, with an average for all parameters less 
than 0.05. In the final difference map the maximum peak was 0.28eA 3 and the 
minimum trough was 0.36eA' 3 . The final R-factor was 0.063 with Rw  at 0.0716. 
Brucine geometry 
There are two independent brucinium ions in this structure, and most of the 
corresponding bonds lengths in the two ions are within 3a of one another, and 
similar to those observed in the previous brucine and strychnine structures. 
The exceptions are found in the aromatic ring, the amine function, and around 
the amide carbonyl. The difference in the aromatic ring 
C(1)-C(2) 	1.338(12) 	C(1')-C(2') 	1.414(12)A 
is perhaps the most suprising, and the least credible. The other differences 
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occur in parts of the molecule which can be considerered sligthly flexible. In 
the amine function the bond lengths to the nitrogen are 
C(9)-N(2) 1.514(11) C(9')-N(2') 1.524(12)A 
C(10)-N(2) 1.506(12) C(10')-N(2') 1.486(12) 
C(15)-N(2) 1.543(12) C(15')-N(2') 1.483(13) 
with only the primed molecule showing a trace of the pattern observed in the 
majority of other brucine/strychnine molecules. In the flexible amide ring there 
are slight differences in the bond lengths C(19)-C(20) and C(21)-0(1). 
C(19)-C(20) 	1.490(13) 	C(19')-C(20') 1.564(14)A 
C(21)-0(1) 1.200(11) 	C(21')-0(1') 	1.242(11) 
The flexible torsion angle in this ring C(19)-C(20)-C(21)-N(1) is -35.8(11) 0 in the 
primed brucine ion, and -39.5(12) 0 in the dnprimed, both within the limits seen 
in other structures. 
The methoxy groups are twisted in the same fashion as in the 
N-acetyl-phenylalinate salt. C(23) is again more out of the plane of the 
aromatic ring than C(22), although the difference is not as great as in structure 
5.1. 
C(22)-0(3)--C(3)-C(2) 	6.7(13) 	C(22')-0(3')-C(3')--C(2') 	2.7(13) 0 
C(23)-0(4)-C(4)--C(5) 10.5(12) 	C(23' )-O(4' )-C(4' )-C(5' ) 11.7(12) 
There is also the normal asymmetric attachment of the methoxy groups to the 
aromatic ring. 
C(2)-C(3)-0(3) 	124.9(7) 	C(4)-C(3)-0(3) 
c(5)-c(4)-0(4) 123.7(7) C(3)-C(4)-0(4) 
	
C(2' )-C(3' )-O(3' ) 122.8(8) 	C(4' )-C(3' )-O(3' 







The most unusual feature of the aspartate ion is the very short C-O bond 
lengths in one of the acid functions. 
C(41)-0(35) 	1.111(19) 	C(39)-0(33) 	1.235(12)A 
C(41)-0(36) 1.172(24) C(39)-0(34) 1.222(12)A 
The aspartate numbering scheme and conformation are shown in fig 5.2a. 
1 0 360 
032 H'° CH2 
39 
32 C 	C -N 2a- C 2t- 31: v (f3 
H2 	H 33 	34 
Fig. 5.2a 
The atoms in the shortened acid function are less well, determined than the 
others, and have higher thermal parameters, so this shortening is probably an 
artifact of some small 	disorder in the C(41) acid function. 	The aspartate ion 
has 	an all-trans conformation in the chain between 	C(36) 	and 	C(40). The 
phenyl 	ring 	is 	attached 	with a 	torsion 	angle of approximatly 900, 
C(35)-C(36)-0(31)-C(37) 	-94.6(10) ° , with 	the 	plane 	of the aromatic 	ring very 
approximatly 	at 	right angles 	to the direction of 	the C(36)-0(31) 	bond, 
C(30)-C(35)-C(36)-0(31) -70.8(1 1) 0 . The aspartate residue acid 	function 	is 
gauche to the trans chain, with the plane of the acid function approximatly at 
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right angles to the C(40)-C(38) bond, N(31)-C(38)-C(40)-C(41) 63.4(11) 0 and 
C(38)-C(40)-C(41)-0(35) -91.2(16) 0 . The amino acid function is gauche to both 
the main chain and the other acid function and is approximatly coplanar with 
the amide nitrogen. 
C(39)-C(38)-N(31)-C(37) -71.0(11) 0 
C(38)-C(39)-C(40)-C(41) -64.9(11) 
0(33)-C(39)-C(38)-N(31) -6.3(12) 
A search was made of the Cambridge crystallographic database 64 for all 
structures containing the aspartate fragment. 18 compounds were found in the 
database and 20 distinct data entries retrieved. Of these 20, one had no atom 
coordinates, and in the remaing 19 structures there were 24 unique 
occurrences of the aspartate fragment. The aspartate ion in this structure 
appears unexceptional, apart from the previously noted acid function, with bond 
lengths and angles within the ranges of previously reported structures. There 
appears to be no preferred orientation in. either, of the acid groups, and the 
most common conformation of the side chain is similar to that shown by the 
aspartate ion in this structure. 
Hydrogen Bonding 
Suprisingly, for a salt with so many potential hydrogen bonds, there is very 
little extended hydrogen bonding in this structure. The packing of this salt is 
shown in fig 5.2b. The aspartate ion forms two salt bridge type hydrogen 
bonds. One of these -strong hydrogen bonds, to the side' chain acid function, 
has a less than optimum geometry and significant contribution from both 
oxygens of the acid function, to give a type 4 three centre bond 69 . 
N. .0 dist(A) 	H.O dist(A) 	N-H. .0 angle( 0 ) 
N(2)..0(33) 	2.634(10) 1.633 	 173.0 
N(2 1 )..0(35) 2.724(15) 	1.722 162.1 
N(2')..0(36) 	2.963(21) 2.127 	 136.5 
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Fig. 5.2b Packing diagram of 5.2 
c axis projection 
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Of the six water molecules present in this structure, only one forms more than 
two hydrogen bonds. 0(2W) forms hydrogen bonds between different acid 
functions on aspartate ions one unit cell translation apart in z. 0(3W) also 
hydrogen bonds with 0(2W) and forms a very weak hydrogen bond to the acid 
function of an aspartate ion. 
0(2W)..0(34) 	2.773(11) 	0(2W)..0(33) 2.851(11)tl(/) 
0(3W)..0(2W) 2.852(14) 0(3W)..0(35) 3.108(17) 
0(5W) forms hydrogen bonds to an aspartate acid function and the ether 
oxygen of one of the brucines, 0(5W)..0(35) 2.852(21)A and 0(5W)..0(2') 
2.921(19)A. 0(1W),0(4W) and 0(6W) all only make one hydrogen bond, and 
those bonds are to brucinium ions. 
O(1W)..0(1') 2.905(10) 	0(4W)..0(2) 3.059(15)A 
0(6W)..0(1) 	2.908(12) 
Other non-bonded interactions 
The shortest C..0 contact is very similar to that seen in the 
N-acetyl-D-phenylalaninate salt, with the methyl group C(23) making a short 
repulsive contact with C(20) in the brucine ion one unit cell translation away in 
x. There is a similar but slightly longer C..0 contact between C(23') and C(20). 
C(23)..C(20) 	3.365(14) 	C(23)..C(20) 	3.400(14)A 
Of the next nine shortest C..0 contacts, six are contacts between the phenyl 
ring of the aspartate N-protecting group and vinyl group of a brucine ion, and 
the other three are similar contacts between the other side of the phenyl ring 
and the vinyl group of the other brucine. The contacts in the first set are: 
C(18)..C(35) 	3.400(14) 	C(16)..C(33) 	3.494(14)A 
C(18)..C(36) 3.502(14) C(17)..C(34) 3.560(14) 
C(17)..C(35) 	3.595(13) 	C(18)..C(34) 	3.602(14) 
160 
and the second set are: 
C(16')..C(32) 3.551(15) 	C(17')..C(30) 3.585(14)A 
C(15')..C(33) 3.586(15) 
The interplanar angle between the phenyl ring and the unprimed vinyl function 
is 5.180, and that between the phenyl ring and the primed vinyl group is 6.05 0 , 
indicating a stacking type 78  contact rather than the edge to face interaction 
identified in 5.1. The vinyl groups are a similar distance away from the phenyl 
ring in the two contacts above, with the centre of gravity of the atoms 
C(15),C(16),C(17) and C(18) being 3.45A out of the ring plane in the unprimed 
case and 3.54A in the primed case. The shortest C..O contact also involves an 
atom close to the C-C double bond, and the carbonyl oxygen of the amino acid 
amide group. 
C(18)..0(32) 	3.160(13) 	C(17)..0(32) 	3.283(13)A 
H(181)..0(32) 2.32(8) 
This carbonyl oxygen is 'not on the same aspartate ion.as  that involved in the 
C..0 contact discussed above, but. on the ion one unit cell translation in z 
removed from that. The short contact between the two methoxy -oxygens and 
C(12) identified in 5.1 is also seen here with C(12)..0(3') 3.375(11)A and 
C(12)..0(4') at 3.436(10)A. There is a similar contact between an sp 3 carbon on 
the opposite face of the brucine wedge, back from the primed molecule to the 
unprimed C(11')..0(4) 3.297(11)A. The unprimed molecule also makes a similar 
contact with C(11)..0(4') at 3.388(11)A. 
5.3. Packing conclusions 
These two structures illustrate another variant of brucine packing, and a 
view down the short (7.5A) axis of the aspartate (fig 5.3a) show the 
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The interpenetrating wedge motif is still present, but the wedges all face the 
same direction in any monolayer. That is in a front to back fashion all through 
the monolayer, rather than the front to front back to back way seen in chapter 
three. This packing mode has one outstandingly repulsive contact between a 
methyl group of a methoxy function and a carbon on a brucine one unit cell 
translation away in the short axis direction. This small destabilisation must be 
compensated for by other interactions not available in the head to tail ribbon 
packing. In these two structures there is certainly more hydrogen bonding to 
the brucinium ions, with both the amide and the ether oxygens accesable to 
water molecules. The vinyl group on the brucine appears to play some role in 
the positioning of the phenyl group in each structure, acting as a pseudo 
phenyl ring. In the two structures the mode of positioning is quite different. In 
5.1 there is an infinite edge-face zig-zag of phenyl rings and the brucine vinyl 
groups position this zig-zag relative to the brucine monolayer. In 5.2 the phenyl 
ring is isolated from the other phenyl rings in the structure and is held parallel 
between two vinyl groups. 
The general features of the packing are similar in both salts; there are 
corrugated moriolayers of brucine with layers of amino acid and water between 
them. The corrugated monolayers have large channels, but unlike that identified 
in structure 3.3, there is a bulkier, less electronegative methoxy group in the 
base of the corrugation. There is little penetration of the amino acid into the 
corrugations, and as the amino group is set close to the external surface of the 
monolayer, it is not necessary for the carboxylic acid function to come far into 
the corrugations. These structures are not the result of resolution experiments, 
and no brucine resolution of these particular forms of amino acid has been 
reported, so it cannot be concluded that these are the preferentially selected 
enantiomers. The aspartate structure, however, does seem a likely candidate for 
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preferential selection as all three groups around the C a  carbon are involved in 
tight interactions, provided that the resolution is done, in an aqueous medium 
to give the water molecules to hydrate and stabilise the brucine monolayer. 
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Brucine Bond lengths in A from 
5.1 $.2 5.2' 
C(l) 	- C(2) 1.376(7) 1.338(12). 1.414(12) 
C(l) - C(6) 1.383(7) 1.369(11) 1.363(12) 
C(l) 	- N(1) 1.431(6) 1.431(10) 1.419(10) 
C(2) - C(3) 1.379(7) 1.399(12) 1.384(12) 
C(3) 	- C(4) 1.397(7) 1.400(12). 1.397(12) 
C(3) - 0(3) 1.367(6) 1.362(10) 1.359(11) 
C(4) 	- C(5) 1.369(7) 1.355(12) 1.386(12) 
C(4) - 0(4) 1.377(6) 1.392(10) 1.343(10) 
C(S) 	-. C(6) 1.388(7) 1.391(12) 1.388(12) 
C(6) - C(7) 1.511(7) 1.505(11) 1.521(12) 
C(7) 	- C(8) 1.552(7). 1.543(11) 1.549(11) 
C(7) - C(9) 1.533(7) 1.529(11) 1.507(12) 
C(7) 	- C(11) 1.541(7) 1.531(12) 1.506(13) 
C(8) - C(14) 1.519(7) 1.526(12) 1.535(11) 
C(8) 	- N(1) 1.488(6) 1.497(11) .1.476(10) 
C(9) - C(12) 1.526(8) 1.500(12) 1.502(12) 
C(9) 	- N(2) 1.527(7) 1.514(11) 1.524(12) 
C(10) 	- C(11) 1.507(8) 1.512(13) 1.513(14) 
C(10) 	- N(2) 1.497(7) 1.506(12) 1.486(12) 
C(12) 	- C(13) 1.543(8) 1.562(12) 1.527(12) 
C(13) 	- C(14) 1.519(7) 1.520(12) 1.525(12) 
C(13)- C(16) 1.505(7) 1.518(12) 1.530(13) 
C(14) 	- C(19) 1.530(8) 1.533(12) 1.540(13) 
C(15) 	- C(lG) 1.503(8) 1.487(13) 1.476(14) 
C(15) 	- N(2) 1.500(8) 1.534(12) 1.483(13) 
C(16) 	- C(17) 1.330(8) 1.300(13) 1.292(14) 
C(17) 	- C(18) .1.488(9) 1.463(14) 1.465(15) 
- 0(2) 1.437(8) 1.442(12) 1.417(13) 
-  1.539(8) 1.490(13) 1.564(14). 
C(19) 	- 0(2) 1.427(7) 1.413(11) 1.392(12) 
C(20) 	- C(21) 1.487(8) 1.528(13) 1.499(13) 
C(21) 	- N(1) 1.348(6) 1.371(11) 1.343(11) 
C(21) 	- 0(1) 1.225(6) 1.199(11) 1.242(11) 
 - 	 0(3) 1.413(8) 1.392(13) 1.430(17) 
 - 	 0(4) 1.422(7) 1.417(12) 1.419(12) 
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Brucine bond angles in 0  from 
C(2) 	- C(l) 	- C(6) 122.4(4) 124.0(8) 122.7(8) 
C(2) - C(l) - N(l) 128.1(4) 127.8(7) 128.4(7) 
C(6) 	- C(l) 	- N(l) 109.5(4) 108.2(7) 108.9(7) 
C(l) - C(2) - C(3) 118.0(5) 117.9(8) 115.7(8) 
C(2) 	- C(3) 	- C(4) 120.3(4) 118.6(8) 122.5(8) 
C(2) - C(3) - 0(3) 124.0(4) 124.9(8) 122.9(8) 
C(4) 	- C(3) 	- 0(3) 115.6(4) 116.5(7) 114.6(8) 
C(3) - C(4) - C(S) 120.7(4) 122.0(8) 119.6(8) 
C(3) 	- C(4) 	- 0(4) 114.8(4) 114.2(7) 115.6(7) 
C(5) - C(4) - 0(4) 124.6(4) 123.7(7) 124.8(8) 
C(4) 	- C(S) 	- C(6) 119.6(5) 118.4(8) 119.1(8) 
C(1) - C(6) - C(5) 118.9(4) 118.9(7) 120.2(8) 
C(1) - 	- C(6) 	- C(7) 110.9(4) 112.2(7) 111.7(7) 
C(S) - C(6) - C(7) 130.2(4) 128.4(7). 127.2(7) 
C(6) 	- C(7) 	- C(8) 102.7(4) 103.4(6) 101.6(6) 
C(6) - C(7) - C(9) 115.6(4) 118.6(7) 115.9(7) 
C(6) 	- C(7) 	-  112.5(4) 110.2(7) 111.7(7) 
C(8) - C(7) - C(9) 114.2(4) 113.1(7) 115.4(7) 
C(8) 	- C(7) 	- C(11) 110.6(4) 110.6(7) 110.2(7) 
C(9) -C(7) -. C(11) 101.5(4) 101.0(6) 102.4(7) 
C(7) 	- C(8) 	- C(14) 117.4(4) 117.5(7) 116.7(6) 
C(7) - C(8) - N(1) 104.6(4) 103.7(6) 104.9(6) 
C(14) 	- C(8) 	- N(l) 106.0(4) 104.8(6) 105.5(6) 
C(7) - C(9) - C(12) 114.9(4) 116.0(7) 115.5(7) 
C(7) 	- C(9) 	- t'1(2) 104.2(4) 106.1(6) 105.4(7) 
C(12) 	- C(9) - N(2) 110.2(4) 111.7(7) 108.9(7) 
C(11) 	- C(10) 	- N(2) 104.2(4) -103.4(7) 105.0(8) 
C(7) - C(11) 	- C(10) 103.2(4) 104.8(7) 103.3(8) 
C(9) 	- C(12) 	-.C(13) 109.0(5) 107.1(7.) 109.2(7) 
C(12) 	- C(13) 	- C(14) 106.2(4) 105.0(7) 106.5(7) 
C(12) 	- - C(16) 109.3(4) 109.3(7) 109.1(7) 
- C(13) 	- C(16) 114.4(4) 116.0(7) 115.6(7) 
C(8) 	- C(14) 	- C(13) 113.5(4) 112.1(7) 112.3(7) 
C(8) - C(14) 	- C(19) 107.7(4) 105.8(7) 107.3(7) 
C(13) 	- C(14) 	- C(19) 118.3(4) 117.8(7) 118.2(7) 
C(16) 	- C(15) 	- N(2) 110.6(5) 108.7(7) 110.8(8) 
C(13) 	- C(16) 	- C(15) 115.5(5) 115.1(7) 114.3(8) 
C(13) 	- C(16) 	- C(17) 122.1(5) 121.9(8) 121.0(9) 
- - C(17) 122.4(5) 123.0(8) 124.7(9) 
C(16) 	- C(17) 	- C(18) 121.8(6) 123.7(9) 123.7(10) 
C(17) 	- C(18) 	- 0(2) 109.1(5) 111.6(8) 114.4(9) 
C(14) 	- C(19) 	- C(20) 110.0(5) 110.4(7) 108.5(7) 
C(14) 	- C(19) 	- 0(2) 114.4(4) 115.8(7) 115.4(8) 
C(20) 	- C(19) 	- 0(2) . 	 104.3(4) 106.6(7) 106.4(7) 
C(19) 	- C(20) 	- C(21) 117.0(5) 119.1(8) 117.1(8) 
- - N(1) 115.0(4) 113.5(7) 116.5(8) 
C(20) 	- C(21) 	- 0(1) 121.7(5) 122.7(8) 119.7(8) 
N(l) - C(21) 	- 0(1) 123.3(5) 123.8(8) 123.8(8) 
C(l) 	- N(1) - C(8) 109.3(3) 110.8(6) 110.5(6) 
C(1) - N(l) 	- C(21) 126.3(4) 125.4(7) 127.7(7) 
- N(l) - C(21) 118.8(4) 119.8(7) 118.3(7) 
- N(2) 	-  108.2(4) 108.0(6) 106.8(7) 
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C(9) 	- N(2) - 	 C(15) 113.6(4) 112.6(7) 114.6(7) 
C(10)- N(2) - 	 C(15) 113.3(4) 112.8(7) 112.8(7) 
C(18) 	- 0(2) - 	 C(19) 115.2(4) 115.3(7) 115.8(8) 
- 0(3) - 	 C(22) 118.4(4) 119.2(7) 117.3(9) 
- 0(4) - 	 C(23) 115.5(4) 116.0(7) 116.8(7) 
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Brucine torsion angles in ° from 
5.1 5.2 5.2' 
C(6) 	- C(l) 	- C(2) 	- C(3) 3.4(7) '-0.7(13) -1.4(12) 
N(1) 	- C(l) 	- C(2) 	- C(3) -176.1(4) 178.3(8) -177.8(8) 
C(2) 	- C(l) 	- C(6) 	- C(S) -4.6(7) -0.7(13) 2.6(13) 
C(2) 	- C(1) 	- C(6) 	- C(7) 175.0(4) 172.1(8) 172.9(7) 
N(l) 	- C(l) 	- C(6) 	- C(5) 175.0(4) -179.9(7) 179.6(7) 
N(l) 	- C(1) 	- C(6) 	-  -5.4(5) -7.1(9) -10.1(9) 
C(2) 	- C(l) 	- N(1) 	-  173.1(5) 178.9(8) 176.6(8) 
C(2) 	- C(1) 	- N(1)- - C(21) 20.3(8) 21.7(13) 18.5(14) 
C(6) 	- C(1) 	- N(1) 	- C(8) -6.5(5) -1.9(9) -0.2(9) 
C(6) 	- C(1) 	- N(1) 	- C(21) -159.3(5) -159.1(8) -158.3(8) 
C(1) 	- C(2) 	- C(3) 	- C(4) 0.0(7) 2.4(12) 1.5(12) 
C(1) 	- - - 0(3) 178.4(4) -177.9(8) -177.9(8) 
C(2) 	- C(3) 	- C(4) 	- C(S) -2.3(7) -2.8(13) -2.9(13) 
C(2) 	- C(3) 	- C(4) 	- 0(4) 178.1(4) 179.5(7) 179.3(8) 
0(3) 	- C(3) 	- C(4) 	- C(5) 179.2(4) 177.5(8) 176.6(8) 
0(3) 	- C(3) 	- C(4) 	- 0(4) -0.4(6) -0.2(11) -1.3(11) 
C(2) 	- C(3) 	- 0(3) 	- C(22) 5.6(7) 6.7(13) 2.7(13) 
C(4) 	- C(3) 	- 0(3) 	- C(22) -175.9(5) -173.6(8) -176.7(9) 
C(3) 	- C(4) 	- C(S) 	- C(6) 1.2(7) 1.3(13) 3.9(13) 
0(4) 	- C(4) 	- C(S) 	- C(6) -179.3(4) 178.8(7) -178.4(8) 
C(3) 	- C(4) 	- 0(4) 	- C(23) -158.2(4) -171.8(8) -170.5(8) 
C(S) 	- C(4) 	- 0(4) 	- C(23) 22.2(7) 10.5(12) 11.7(12) 
C(4) 	- C(S) 	- C(6) 	- C(1) 2.2(7) 0.4(12) -3.8(13) 
C(4) 	- C(S) 	- C(6) •- C(7) -177.3(5) -171.1(8) -172.5(8) 
C(1) 	- C(.6) 	- C(7) 	- C(8) 14.2(5) 12.7(9). 15.4(9) 
C(1) 	- C(6) 	- C(7) 	- C(9) 139.2(4) 138.8(8) 141.2(8) 
C(1) 	- C(6) 	- C(7) 	- C(11) -104.8(5) -105.5(8) -102.1(9) 
C(S) 	- C(S) 	- C(7) 	- C(8) -166.3(5) -175.3(8) -175.2(8) 
C(S) 	- C(6) 	- C(7) 	- C(9) -41.2(7) -49.2(12) -49.3(12) 
C(S) 	- C(6) C(7) 	- C(11) 74.8(7) 66.5(11) 67.4(11) 
C(6) 	- C(7) 	- C(8) 	- C(14) 100.1(5) 102.4(8) 102.1(8) 
C(6) 	- C(7) 	- C(8) 	- N(1) -17.0(5) -12.7(8) -14.3(7) 
C(9) 	- - - C(14) -25.9(6) -27.1(10) -24.1(10) 1 
- C(7) 	- C(8) 	- N(i) -143.0(4) -142.2(7) -140.5(7) 
C(11)- C(7) 	-C(8)-C(14) -139.7(4) -139.6(7) -139.4(7) 
C(1l)-C(7) -C(8) -N(1) 103.3(4) 105.3(7) 104.2(7). 
C(6) 	- C(7) 	- C(9) 	- C(12) -84.4(6) -84.9(9) -85.8(9) 
C(6) 	- C(7) 	- C(9) 	- N(2) 154.9(4) 150.5(7) 154.1(7) 
C(8) 	- C(7) 	- C(9) 	- C(12) 34.5(6) 36.3(10) 32.7(10) 
C(8) 	- C(7) 	- C(9) 	- N(2) -86.2(5) -88.3(8) -87.5(8) 
C(11)- C(7) 	-C(9) -C(12) 153.5(5) 154.6(7) 152.4(8) 
C(11)- C(7) 	-'C(9) -N(2) 32.9(5) 29.9(8) 32.3(8) 
C(6) 	- C(7) 	- C(11)- C(10) -167.7(4) -167.3(7) -166.3(7) 
C(8)-C(7) -C(ll)-C(10) 78.1(5) 79.0(8) 81.6(8) 
C(9) 	-C(7) -C(ll)-C(10) -43.5(5) -41.0(8) -41.7(9) 
C(7) 	-C(8) -C(14)-C(13) 40.2(6) 42.6(10) 39.0(10) 
C(7) 	-C(8) -C(14)-C(19) 173.2(4) 172.2(7) 170.5(7) 
N(1) 	-C(8) -C(14)-C(13) 156.5(4) 157.0(7) 155.0(7) 
N(1) 	-C(8) -C(14)-C(19) -70.5(5) -73.3(8) -73.5(8) 
- - N(l) 	- C(1) 15.0(5) 9.5(8) 9.8(8) 
C(7) 	- C(8) 	- N(l) 	- C(21) 170.1(4) 168.2(7) 170.2(7) 
C(14)-C(8) -N(1) -C(l) -109.7(4) -114.2(7) -114.1(7) 
C(14)- C(8) 	- N(1) 	- C(21) 45.4(5) 44.5(9) 46.3(9) 
C(7) 	-C(9) -C(12)-C(13) -56.5(6) -58.8(9) -55.9(10) 
N(2) 	-C(9) -C(12)-C(13) 60.8(6) 62.9(9) 62.4(9) 
C(7) 	- C(9) 	- N(2) 	- C(10) -10.9(5) -8.6(8) -10.7(9) 
C(7) 	- C(9) 	- N(2) 	- C(15) 116.0(5) 116.7(7) 114.9(8) 
C(12)-C(9) -N(2) -C(10) -134.7(5) -135.8(7) -135.2(7) 
C(12)- C(9) 	- N(2) 	- C(15) -7.8(6) -10.6(10) -9.5(10) 
N(2) 	-C(10)-C(11)-C(7) 37.0(5) 36.2(8) 35.4(9) 
C(11)-C(10)-N(2) -C(9) -16.3(5) -16.9(9) -15.1(9) 
C(11)-C(10)-N(2) -C(15) -143.3(5) -142.0(7) -141.9(8) 
C(9) 	-C(12)-C(13)-C(14) 67.6(5) 70.1(8) 68.6(9) 
C(9) 	-C(12)-C(13)-C(16) -56.2(6) -55.0(9) -56.8(9) 
C(12)-C(13)-C(14)-C(8) -59.9(5) -62.5(8) -60.2(9) 
C(12)-C(13)-C(14)-C(19) 172.4(4) 174.4(7) 174.0(7) 
C(16)-C(13)--C(14)-C(8) 60.7(6) 58.3(9) 61.1(10) 
C(16)- C(13)- C(14)- C(19) -67.0(6) -64.8(10) -64.7(10) 
C(12)-C(13)-C(16)-C(15) -0.2(6) -4.0(10) -1.3(10) 
C(12)-C(13)-C(16)-C(17) 179.7(5) 175.4(8) 179.9(9) 
C(14)-C(13)-C(16)-C(15) -119.1(5) -122.5(8) -121.1(9) 
C(14)-C(13)-C(16)-C(17) 60.8(7) 57.0(11) 60.1(12) 
C(8) 	-C(14)--C(19)-C(20) 39.7(6) 48.4(9) 435(9) 
C(8) 	-C(14)-C(19)-O(2) -77.3(5) -72.9(9) -75.7(9) 
C(13)-C(14)-C(19)-C(20) 170.1(4) 174.6(7) 171.7(7) 
C(13)-C(14)-C(19)-0(2) 53.1(6) 53.3(10) 52.5(11) 
(2) 	-C(15)-C(16)-C(13) 52.6(6) 55.9(10) 53.0(10) 
N(2) 	-C(15)-C(16)-C(17) -127.3(6) -123.5(9) -128.2(10) 
C(16)-C(15)-N(2)  -47.5(6) -48.1(9) -47.3(10) 
C(16)-C(15)-N(2)  76.6(6) 74.4(9) 75.1(10) 
C(13)-C(16)-C(17)-C(18) -1.9(9) 0.4(14) -6.3(15) 
C(15)-C(16)-C(17)-C(18) 178.0(6) 179.9(9) 175.1(10) 
C(16)-C(17)-C(18)-0(2) -67.1(7) -66.2(12). -61.4(14) 
  0(2) 	- C(19) 90.2(6) 86.6(9) 86.4(11) 
C(14)-C(19)- C(20)- C(21) 14.8(7) 4.8(11) 9.8(11) 
0(2) 	-C(19)-C(20)-C(21) 138.0(5) 131.4(8) 134.6(8) 
C(14)-C(19)-0(2) -C(18) -66.3(6) -64.8(9) -64.1(11) 
C(20)-C(19)-0(2) -C(18) 173.5(5) 171.9(7) 175.6(8) 
C(19)-C(20)-C(21)-N(1) -42.9(7) -35.8(11) -39.5(12) 
C(19)-C(20)-C(21)-0(1) 137.9(5) 145.4(9) 141.1(9) 
C(20)-C(21)-N(1) -C(1) 160.8(4) 163.9(7) 165.5(8) 
C(20)-C(21)-N(1) -C(8) 10.3(6) 8.6(11) 8.9(11) 
0(1) 	-C(21)-N(1) -C(1) -20.0(8) -17.3(13) -15.1(14) 
0(1) 	- C(21)- N(1) 	- C(8) -170.5(4) -172.6(8) -171.8(8) 
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Brucine hydrogen bond lengths in A from 
5.1 5.2 5.2' 
C(2) - 	 H(21) 0.75(6) 1.00(8) 1.01(8) 
C(S) - 	 H(51) 0.98(5) 0.98(8) 0.99(7) 
C(8) - 	 H(81) 0.95(5) 1.01(8) 0.98(7) 
C(9) - 	 H(91) 1.01(6) 0.98(8) 0.99(8) 
C(lO) -H(101) 0.90(6) 0.97(8) 1.04(8) 
C(10) -H(102) 0.96(6) 0.97(8) 1.00(8) 
C(ll) -H(l11) 1.07(5) 0.98(8) 0.97(8) 
C(11) -H(112) 0.92(6) 1.00(7) 0.98(8) 
C(12)  0.97(6) 1.01(8) 0.98(8) 
C(12)  0.92(5) 1.04(8) 1.01(8) 
C(13) -H(131) 1.02(5) 1.00(8) 1.01(8) 
C(14) -H(141) 1.00(5) 0.98(8) 0.98(8) 
C(15) -H(151) 0.88(6) 1.05(7) 0.99(8) 
C(15) - H(152) 1.05(5) 1.04(8) 0.98(8) 
C(17) -H(171) 0.99(6) 0.99(8) 0.97(8) 
C(18)  1.10(5) 0.98(8) 1.05(8) 
C(18)  0.98(6) 1.00(8) 0.97(8) 
C(19) -H(191) 0.97(6) 1.02(8) 1.05(8) 
C(20)  0.84(6) 1.00(8) 1.01(8) 
C(20)  1.06(6) 0.99(8) 1.00(8) 
C(22) - H(221) 1.11(5) 0.96(8) 0.99(8) 
C(22) -H(222) 0.96(6) 0.95(8) 0.99(8) 
 - H(223) 0.81(6) 0.99(9) 0.99(9) 
 -H(231) 0.90(6) 0.98(8) 1.02(8) 
C(23) -H(232) 1.05(6) 1.03(7) 1.01(8) 
C(23) -H(233) 1.07(6) 1.01(8). 0.98(8) 
N(2) - 	 H(2N) 0.77(5) 0.97(8) 1.03(8) 
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Brucine hydrogen bond angles in ° from 
5.1 5.2 5.2' 
C(l) 	- C(2) 	- 11(21) 121(4) 135(4) 114(4) 
C(3) - C(2) - 11(21) 119(4) 103(4) 129(4) 
C(4) 	- C(S) 	- 11(51) 122(3) 124(5) 125(4) 
C(6) - C(5) - 11(51) 118(3) 116(5) 115(4) 
- - 11(81) 107(3) 99(4) 116(4) 
C(14) 	- C(8). 	- 11(81) 112(3) 109(4) 94(4) 
N(l) - C(8) - 11(81) 108(3) 122(4) 119(4) 
C(7) 	- - 11(91) 110(3) 119(4) 102(4) 
C(12) 	- C(9) 	- 11(91) 108(3) 94(4) 121(4) 
N(2) - C(9) - 11(91) 108(3) 108(4) 101(4) 
C(11) 	- C(10) 11(101) 117(4) 142(5) 111(4) 
C(11) 	- C(10) 	- H(102) 113(3) 116(5) 110(4) 
N(2) - C(10) 	- 11(101) 109(4) 78(5) 106(4) 
N(2) 	- C(10) 	- 11(102) 105(3) 111(5) 117(4) 
11(101) 	- C(10) 	- 11(102) 106(5) 96(6) 106(6) 
C(7) - C(11) 	- 11(111) 110(3) 114(5) 122(5) 
C(7) 	- C(11) 	- 11(112) 110(4) 97(4) 118(5) 
C(10) 	- C(11) 	- 11(111) 113(3) 101(5) 108(5) 
C(10) 	- C(ll) - 11(112) 113(4) 122(4) 104(5) 
11(111) 	- C(11) - 11(112) 104(5) 116(6) 98(7) 
C(9) - C(12) - 	11(121) 104(3) 111(4) 113(5) 
C(9) 	- C(12) - 	11(122) 108(3) 120(4) 109(4) 
C(13) 	- C(12) - 11(121) 114(3) 126(4) 112(5) 
C(13) 	- C(12) - 11(122) 107(3) 107(4) 104(4) 
11(121) 	- C(12) - 	11(122) 112(5) 82(6) 107(6) 
-  - 11(131) 111(3) 107(4) 103(4) 
- C(13) - 	11(131) 111(3) 103(4) 106(4) 
C(16) 	- C(13) - 	11(131) 104(3) 115(4) 114(4) 
C(8) - C(14) - 11(141) 101(3) 110(4) 103(4) 
C(13) 	- C(14) - H(141) 107(3) 98(4) 104(4). 
C(19) 	- C(14) - 	11(141) 106(3) 111(4) 109(4) 
C(16) 	-  - 11(151) 114(4) 120(4) 147(5) 
- C(15) - 11(152) 107(3) 124(4) 103(5) 
N(2) 	- C(15) - 11(151) 107(4) 96(4) 100(5) 
N(2) C(15) - 11(152) 109(3) 93(4) 115(5) 
11(151) 	- C(15) - 11(152) 106(5) 106(6) 52(7) 
C(16) 	-  - 	11(171) 116(3) 126(4) 109(5) 
- C(17) - 11(171) 121(3) 107(4.) 126(5) 
C(17) 	- C(18) - 	11(181) 102(3) 107(5) 110(4) 
-  - 	11(182) 107(3) 113(5) 99(5) 
0(2) 	- C(18) - 11(181) 112(3) 2(5) 103(4) 
0(2) - C(18) - 11(182) 111(3) 101(5) 99(5) 
11(181) 	- C(18) - 	11(182) 112(4) 127(6) 129(6) 
C(14) 	-  - 11(191) 109(3) 101(4) 100(4) 
- C(19) - 11(191) 104(3) 115(4) 113(4) 
0(2) 	- C(19) - 	11(191) 113(3) 107(4) 112(4) 
C(19) 	- C(20) - 11(201) 104(4) 107(4) 90(5) 
C(19) - 	C(20) - 11(202) 108(3) 117(4) 120(4) 
C(21) - 	C(20) - 	11(201) 104(4) 99(4) 108(5) 
C(21) - 	C(20) - 	11(202) 100(3) 102(4) 105(4) 
11(201) - 	C(20) - 	11(202) 122(5) 108(6) 113(6) 
0(3) - 	C(22) - 	11(221) 116(3) 108(5) 109(5) 
0(3) - C(22) - 	11(222) 103(4) 104(5) 101(5) 
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0(3) 	- C(22) - H(223) 111(5) 116(5) 107(5) 
11(221) 	- C(22) - 	 11(222) 92(5) 138(7) 122(7) 
11(221) 	- C(22) - 	 11(223) 109(5) 66(7) 100(7) 
11(222) 	-  - 	 11(223) 124(6) 117(7) 114(7) 
0(4) 	-  - 	 11(231) 105(4) 112(5) 109(4) 
0(4) 	- C(23) - H(232) 115(3) 104(4) 118(4) 
0(4) 	- C(23) - 	 11(233) 115(3) 106(5) 118(5) 
11(231) 	- C(23) - 	 11(232) 109(5) 140(6) 105(6) 
11(231) 	- C(23) - 11(233) 109(5) 75(6) 101(6) 
11(232) 	- C(23) - 	 11(233) 101(4) 106(6) 100(6) 
- N(2) - 	 H(2N) 110(4) 113(5) 108(4) 
- N(2) - 	 H(2N) 106(4) 104(5) 105(4) 
C(15) 	- N(2) - 	 H(2N) 104(4) 105(5) 108(4) 
172 
Brucine hydrogen torsion angles in ° from 
5.1 5.2 	5.2' 
C(6) 	- C(1) 	- C(2) 	H(21) -179(5) -160(6) 172(5) 
N(1) 	- - C(2) 	- H(21) 0(5) 18(6) -3(5) 
H(21)- - - C(4) -177(5) 168(4) -171(6) 
H(21)- C(2) 	- C(3) 	- 0(3) 1(5) -12(5) 9(6) 
C(3) 	- C(4) 	- C(5) 	- H(51) 177(4) -172(5) -174(5) 
0(4) 	- - - H(51) -2(4) 4(6) 3(6) 
11(51)- C(5) 	- C(6) 	-.C(l) -174(3) 175(5) 174(5) 
11(51)- c(S) 	- C(6) 	- C(7) 5(4) 3(5) 5t5 
C(6) 	- C(7) 	- C(8) 	- 	11(81) -132(3) -139(4) -148(5) 
C(9) 	- C(7) 	- C(8) 	- 	11(81) 102(3) 91(4) 85(5) 
C(11)- C(7) 	- C(8) 	- 	11(81) -11(3) -21(4) -29(5) 
C(6) 	- C(7) 	- C(9) 	- 	11(91) 38(3) 27(5) 48(5) 
C(8) 	- C(7) 	- C(9) 	- 	11(91) 157(3) 149(5) 166(5) 
C(1l)- C(7) 	- C(9) 	- 	11(91) -83(3) -92(5) -73(5) 
C(6) 	- C(7) 	- C(11)-H(111) 70(3) -57(5) 71(6) 
C(6) 	- C(7) 	- C(11)-H(112) -45(4) 66(4) -51(5) 
C(8) 	- C(7) 	- C(11)-H(111) -43(3) -170(5) -40(6) 
C(8) 	- C(7) 	- C(11)-H(112) -159(4) -47(4) -163(5) 
C(9) 	- C(7) 	- C(11)-H(111) -165(3) 69(5) -163(6) 
C(9) 	- C(7) 	- C(11)-H(112) 78(4) -167(4) 73(5) 
C(7) 	- C(8) 	- C(14)-H(141) -75(3) -66(5) -73(5) 
N(1) 	- C(8) 	- C(14)-H(141) 41(3) 47(5) 42(5) 
11(81)- C(8) 	- C(14)- C(13) -85(3) -70(5) -83(4) 
11(81)- C(8) 	- C(14)- C(19) 47(3) 59(5) 48(4) 
H(81)-C(8) -C(14)-H(141) 159(4) -179(7) 164(6) 
11(81)- C(8) 	- N(1) 	- C(1) 129(3) 120(5) 142(5) 
11(81)- C(8) 	- N(1) 	- C(21) -75(3) -80(5) -57(5) 
C(7) 	- C(9) 	- C(12)-H(121) 65(3) 158(5) 69(5) 
C(7) 	- C(9) 	- C(12)-H(122) -173(4) 64(5) -169(5) 
N(2)-C(9) -C(12)-M(121) -176(3) -79(5) -171(5) 
N(2) 	- C(9) 	- C(12)-H(122) -56(4) -174(5) -51(5) 
11(91)- C(9) 	- C(12)- C(13) 179(3) 174(4) 178(5) 
H(91)-C(9) -C(12)-H(121) -58(5) 31(7) -55(7) 
H(91)-C(9) -C(12)-H(122) 62(5) -62(7) 64(7) 
C(7) 	- C(9) 	- N(2) 	- H(2N) -127(4) -123(5) -123(5) 
C(12)- C(9) 	- N(2) 	- H(2N) 109(4) 109(5) 111(5) 
11(91)- C(9) 	- N(2) 	- C(10) 106(3) 121(5) 96(5) 
11(91)- C(9) 	- N(2) 	- C(15) -126(3) -113(5) -138(5) 
11(91)- C(9) 	- N(2) 	- H(2N) -9(5) 6(7) -16(6) 
N(2) 	-C(10)-C(11)-H(111) 157(3) -83(5) 166(5) 
N(2) 	-C(10)-C(11)-H(112) -82(4) 144(5) -89(5) 
E(101)-C(10)-C(11)-C(7) 157(4) 125(8) -79(5) 
H(101)-C(10)-C(11)-H(111) -82(5) 5(9) 51(7) 
H(101)-C(10)-C(11)-E(112) 37(6) -126(9) 155(7) 
H(102)-C(10)-C(11)-C(7) -77(4) -86(5) 162(5) 
H(102)-C(10)-C(11)-H(111) 42(5) 153(7) -66(7) 
H(102)-C(10)-C(11)-H(112) 162(5) 21(7) 37(7) 
C(11)- C(10)- N(2) 	- H(2N) 102(4) 104(5) 100(4) 
11(101)- C(10)- N(2) 	- C(9) -142(4) -158(5) 102(5) 
11(101)- C(10)- N(2) 	- C(15) 90(4) 76(5) -23(5) 
11(101)- C(10)- N(2) 	- H(2N) -23(6) -36(7) -141(6) 
11(102)- C(10)- N(2) 	- C(9) 103(3) 108(5) -137(5) 
11(102)- C(10)- N(2) 	- C(15) -23(4) -16(5) 95(5) 
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H(102)- C(10)- N(2) 	- H(2N) -137(5) -129(7) -22(7) 
C(9) 	-C(12)-C(13)-H(131) -171(3) 179(5) -179(4). 
H(121)-C(12)-C(13)-C(14) -48(4) -154(6) -57(5) 
H(121)-C(12)-C(13)C(16) -172(4) 80(6) 176(5) 
11(121)-  C(13)-H(131) 72(5) -44(7) 54(7) 
H(122)-C(12)-C(13)-C(14) -174(4). -60(4) -173(4) 
H(122)-C(12)-C(13)-C(16) 61(4) 174(4) 60(5) 
H(122)-C(12)-C(13.)-H(131) -53(5) 49(6) -61(6) 
C(12)-C(13)-C(14)-H(141) 52(3) 53(5) 51(5) 
C(16)-  C(14)-H(141) 172(3) 174(5) 173(5) 
H(131)-C(13)-C(14)-C(8) 178(3) -174(5) -169(5) 
11(131)- C(13)- C(19) 51(3) 62(5) 64(5) 
H(131)-C(13)-C(14)-H(141) -69(5) -58(6) -57(6) 
H(131)-C(13)--C(16)-C(15) 118(3) 116(5) 113(5) 
11(131)- C(13)- C(16)- C(17) -61(3) -63(5) -64(5) 
C(8) 	-C(14)-C(19)-H(191) 154(3) 171(4) 162(4) 
C(13)-C(14)-C(19)-H(191) -75(4) -62(4) -69(4) 
H(141)-C(14)-C(19)-C(20) -68(3) -71(5) -68(5) 
H(141)-C(14)-C(19)-0(2) 174(3) 166(5). 171(5) 
H(141)-C(14)-C(19)-H(191) 45(5) 50(7) 50(6) 
H(151)-C(15)-C(16)-C(13) 174(4) 165(5) -144(9) 
1i(151)-C(15)-C(16)-C(17) -5(4) -13(5) 33(9) 
H(152)-C(15)-C(16)-C(13) -67(3) -51(5) 177(5) 
11(152)- C(15)-C(16)- C(17) 112(3) 128(5) -3(5) 
C(16)-  N(2) 	- H(2N) -167(4) -172(5) -168(5) 
11(151)- C(15)- N(2) 	- C(9) -172(4) -173(4) 142(5) 
11(151)- C(15)- N(2) 	- C(10) -48(4) -50(4) -95(5) 
11(151)- C(15)- M(2) 	- H(2N) 66(5) 62(6) 20(7) 
11(152)- C(15)- N(2) 	- C(9) 71(3) 80(4) -164(5) 
11(152)- C(15)- N(2) 	- C(10) -164(3) -157(4) -42(6) 
11(152)- C(15)- N(2) 	- H(2N) -48(5) -44(6) 73(7) 
C(13)-  C(17)-H(171) 179(4) 163(6) 172(5) 
C(15)-C(16)-C(17)-H(171) 0(4) -17(6) -6(5) 
C(16)-C(17)-C(18)-11(181) 173(3) -166(5) 55(5) 
C(16)-C(17)-C(18)-H(182)' 53(4) 47(5) -166(5) 
11(171)-  0(2) 111(4) 128(5) 119(6) 
H(171)-C(17)-C(18)-H(181) -7(5) 28(7) -123(8) 
11(171)-  C(18)-H(182) -127(5) -117(7) 14(8) 
11(181)-  0(2) 	- C(19) -156(3) -163(5) -33(5) 
11(182)- C(18)- 0(2) 	- C(19) -28(4) -34(5) -168(5) 
C(14)-C(19)-C(20)-M(201) -100(4) -107(5) 121(5) 
C(14)-C(19)-C(20)-H(202) 127(3) 129(5) -120(5) 
0(2) 	-C(19)-C(20)-H(201) 22(4) 19(5) -114(5) 
0(2) 	-C(19)-C(20)-H(202) -109(3) -103(5) 4(5) 
E(191)-C(19)-C(20)-C(21) -102(3) -109(5) -100(5) 
H(191)-C(19)-C(20)-H(201) 141(5) 138(7) 10(7) 
11(191)-C(19)-C(20)-H(202) 9(5) 15(7) 129(7) 
11(191)-  0(2) 	- C(18) 60(4) 47(5) 50(5) 
E(201)-C(20)-C(21)-N(1) 72(4) 80(5) -140(5) 
H(201)-C(20)-C(21)-0(1) -106(4) -98(5) 40(5) 
11(202)-C(20)-C(21)-N(1) -159(3) -167(5) 97(5) 
H(202)-C(20)-C(21)-0(1). 20(3) 13(5) -81(5) 
11(221)- C(22)- 0(3) 	- C(3) 170(3) -22(5) -46(5) 
11(222)- C(22)- 0(3) 	- C(3) 72(4) -177(5) -178(5) 
11(223)- C(22)- 0(3) 	- C(3) -63(5) 50(6) 61(5) 
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C(23)- 0(4) - C(4) 	164(4) 	-26(5) 	-60(5) 
C(23)- 0(4) - C(4) 43(3) 166(4) 177(5) 
11(233)- C(23)- 0(4) - C(4) 	-74(3) 	54(5) 	55(5) 
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- 	 C(2') 1.349(13) C(l') - 	 C(6') 1.343(10) 
- 	 C(3') 1.344(13) C(3') - 	 C(4') 1.368(12) 
- 	 C(S') 1.376(11) C(S') - 	 C(6') 1.348(9) 
- 	 C(7') 1.519(8)  - 	 C(8') 1.536(8) 
- 	 C(9') 1.545(8)  - 	 N(l') 1.442(7) 
- 	 0(1') 1.251(7)  - 	 0(2') 1.243(7) 
-C(l1') 1.475(10) C(10')- 0(3') 1.236(7) 
- 	 N(l') 1.324(7) 
-11(11') 0.90(5) C(2') 	-H(21') 0.74(6) 
- H(31') 0.87(5) C(4') 	- H(41') 1.01(5) 
-H(51') 0.99(5) -H(71') 0.93(5) 
-H(72') 1.2(3) -H(81') 1.06(5) 
- H(11A) 1.11(5) C(ll') 	- H(12A) 0.78(6) 
- H(13A) 0.92(5) N(1') 	- H(1N') 1.00(5) 
N-Acetvl-D-ohenvlalanine Bond angles in ° from 5.1 
C(2')-C(1')-C(6') 122.2(8) 
C(2')- C(3')- C(4') 118.1(8) 
C(4')- C(5')- C(6') 122.5(7) 
C(1')-C(6')-C(7') 120 	7(6) 
C(6')-C(7')-C(8 1 ) 114.2(5) 
C(7')-C(8')-NW) 112.1(4) 
C(8 1 )-C(9 1 )-0(l') 116.3(5) 
0(1')-C(9')-0(2 1 ) 123.7(5) 















C(1')- C(2')- 	C(3') 121.4(9) 
C(3')- C(4')- 	C(5') 119.0(8) 
C(1')-C(6')-C(5') 116.7(6) 
C(5')- C(6')- 	C(7') 122.4(5) 
 C(8')- 	C(9') 109.0(4) 
C(9')-C(8')-N(1') 112.2(4) 
 0(2') 120.0(5) 





C(5')- C(4')-H(4l) 121(3) 
C(6')-C(5')-H(51') 123(3) 
C(6')-C(7')-H(72') 94(13) 
C(8')- C(7')-H(72') 130(13) 
C(7')-C(8')-H(81') 109(3) 
N(1')-C(8')-H(81') 112(3) 





















































H(21 1 )-C(2')-C(3')-H(31' ) 	-9(6) 
C(2')-C(3')-C(4')-H(41' ) -176(3). 
-179(4) 




























H(81')-C(8')-C(9')-O(1' ) 	-54(3) 
H(81')-C(8')-C(9')-O(2' ) 124(3) 
C(7')-C(8)-N(1')-H(1N' ) 	47(3) 
C(9')-C(8')-N(1')-H(1N' 75(3) 
H(81')-C(8')-N(1')-C(10' ) 	-7(3) 








C(11' )-C(1O' )- N(1' )-H(1N' ) 










N-CBZ-L-aspartate bond lengths in A from 5.2 
C(30) - 	 C(31) 1.390(16) C(30) 	- C(35) 1.401(14) 
C(31) - 	 C(32) 1.339(16) C(32) - 	 C(33) 1.387(16) 
C(33) - 	 C(34) 1.365(15) C(34) - 	 C(35) 1.370(14) 
C(35) - 	 C(36) 1.454(14) C(36) - 	 0(31) 1.447(12) 
C(37) - 	 N(31) 1.328(14) C(37) - 	 0(31) 1.357(13) 
C(37) - 	 0(32) 1.180(14) C(38) - 	 C(39) 1.515(13) 
C(38) - 	 C(40) 1.521(14) C(38) - 	 N(31) 1.452(12) 
C(39) - 	 0(33) 1.235(12) C(39) - 	 0(34) 1.222(12) 
C(40) - 	 C(41) 1.540(18) C(41) - 	 0(35) 1.111(19) 
 - 	 0(36) 1.172(24) 
C(30) - 	 H(30) 0.98(8) C(31) 	- H(31) 	1.02(8) 
C(32) - 	 H(32) 0.99(8) C(33) 	- H(33). 1.02(8) 
C(34) - 	 H(34) 1.01(7) C(36) 	- H(361) 	1.05(8) 
C(36) - H(362) 1.03(7) C(38) 	- 11(38) 1.02(8) 
 - H(401) 0.99(8) C(40) 	- 11(402) 	0.99(8) 
N(31) - H(31N) 1.03(7) 
N-CBZ-L-aspartate bond angles in ° from 5.2 
C(31)-C(30)-C(35) 119.9(10) C(30)-C(31)-C(32) 120.4(11) 
C(31)-C(32)-C(33) 121.7(11) C(32)-C(33)-C(34) 116.9(10) 
C(33)-C(34)-C(35) 124.3(10) C(30)-C(35)-C(34) 116.7(9) 
C(30)-C(35)-C(36) 119.0(9) C(34)-C(35)-C(36) 124.2(9) 
C(35)-C(36)-0(31) 111.7(8) N(3].)-C(37)-0(31) 110.5(9) 
N(31)-C(37)-0(32) 126.2(10) 0(31)-C(37)-0(32) 123.3(10) 
C(39)-C(38)-C(40) 112.8(8) C(39)-C(38)-N(31) 112.8(8). 
C(40)-C(38)-N(31) 111.7(8) C(38)-C(39)-0(33) 118.2(8) 
C(38)-C(39)-0(34) 116.8(8) 0(33)-C(39)-0(34) 125.0(9) 
C(38)-C(40)-C(4l) 111.3(9) C(40)-C(41)-0(35) 122.5(14) 
C(40)- C(41)- 0(36) 116.7(15) 0(35)- C(41)- 0(36) 120.8(17) 
C(37)-N(31)-C(38) 117.3(8) C(36)-0(31)--C(37) 115.3(8) 
C(31)-C(30)-H(30) 124(5) C(35)-C(30)-H(30) 115(5) 
C(30)-C(31)-H(31) 109(4) C(32)-C(31)-H(31) 130(4) 
C(31)-C(32)-H(32) 114(5) C(33)-C(32)-H(32) 123(5) 
C(32)-C(33)-H(33) 122(4) ,C(34)-C(33)-H(33) 120(4) 
C(33)-C(34)-H(34) 113(4) C(35)-C(34)- 11(34) 119(4) 
C(35)-C(36)-H(361) 99(4) C(35)-C(36)-H(362) 108(4) 
0(31)-C(36)-H(361) 104(4) 0(31)-C(36)-H(362) 105(4) 
H(361)- C(36)-H(362) 127(6) C(39)-C(38)-H(38) 109(4) 
C(40)-C(38)-H(38) 108(4) N(3l)- C(38)- H(38) 100(4) 
C(38)-C(40)-H(401) 116(4) C(38)-C(40)-H(402) 90(5) 
C(4l)- C(40)-H(401) 108(4) C(4l)- C(40)-H(402) 118(5) 
11(401)- C(40)-H(402) 109(6) C(37)- N(31)-H(31N) 119(4) 
C(38)-N(31)-H(31N) 117(4) 
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N-CBZ-L-aspartate torsion angles in ° from 5.2 
ç(35)-C(30)-C(31)-C(32) 











0(32 )-C( 37 )-N( 31)-C( 38) 





N( 31)-C( 38 )-C( 39 )-0( 34) 
C(39)-C(38)-C(40)-C(41) 
N(31)-C(38)-C(40)-C(41) 
C( 39)-C( 38 )-N( 31)-C (37) 
C( 40)-C(38)-N(31)-C(37) 
C(38)-C(40)-C(41)-0(35) 












































C(30)- C(35)- C(36)-H(362) 	173(4) 
C(34)-C(35)-C(36)-H(361) -138(4) 
C(34)-C(35)-C(36)-H(362) 	-3(5) 
H(361)- C(36)- 0(31)- C(37) 158(4) 
H(362)-C(36)-0(31)-C(37) 	22(4) 
0(31)-C(37)-N(31)-H(31N) 8(5) 
0(32)- C(37)- N(31)-H(31N) -170(5) 




C(39)- C(38)- C(40)-H(401) 169(5) 
C(38)- C(40)-H(402) 	56(5) 
N(31)- C(38)- C(40)-H(401) -62(5) 
N(31)- C(38)- C(40)-H(402) -174(5) 
H(38)-C(38)-C(40)--C(41) 	173(5) 
E(38)-C(38)-C(40)-H(401) 47(7) 
H(38)- C(38)- C(40)-H(402) -65(6) 
C(39)-C(38)-N(31)-H(31N) 	82(5) 
C(38)- N(31)-H(31N) -45(5) 
H(38)-C(38)-N(31)-C(37) 	45(4) 
H(38)- C(38)- N(31)-H(31N) -160(6) 
H(401)-C(40)-C(41)-O(35) 	38(5) 
H(401)-C(40)-C(41)-O(36) -143(5) 
H(402)- C(40)- C(41)- 0(35) 165(5) 
H(402)-C(40)-C(41)--0(36) 	-16(5) 
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Water bond lengths and angles from 5.1 
0(1W) - H(11W) 0.85(7) 0(1W) 	- H(12W) 1.03(6) 
0(2W) - H(21W) 1.09(6) 0(2W) 	- H(22W) 1.00(6) 
0(3W) - H(31W) 1.06(7) 0(3W)- H(32W) 1.03(7) 
0(4W) - H(41W) 1.00(7) 0(4W) 	- H(42W) 0.98(7) 
11(11W)- 0(1W)-H(12W) 	102(6) H(21W)- 0(2W)-H(22W) 	106(5) 
11(31W)- 0(3W)-H(32W) 78(5) 11(41W)- 0(4W)-H(42W) 104(6) 
Water bond lengths and angles from 5.2 
0(1W) - 11(11W) 1.05(7) 0(1W) - H(12W) 1.01(7) 
0(2W) - 11(21W) 0.97(7) 0(2W) - 11(22W) 0.98(7) 
0(3W) - 11(31W) 1.03(8) 0(3W) - 11(32W) 1.08(7) 
0(4W) - 11(41W) 0.99(8) 0(4W) - 11(42W) 0.98(8) 
0(5W) - 11(51W) 1.05(8) 0(5W) - 11(52W) 0.98(8) 
0(6W) - 11(61W) 1.05(7) 0(6W) - 11(62W) 1.03(8) 
11(11W)- 0(1W)-H(12W) 	98(6) 11(21W)- 0(2W)-H(22W) 
	
106(6) 
11(31W)- 0(3W)-H(32W) 91(6) H(41W)- 0(4W)-H(42W) 111(7) 




CCDB refcodes used in comparison to structure 5.1 
AHPBUT ALPALC10 APALAM APGPAL APHAMA 
BAXCIM10 BAPHEE10 BERVOJ BIDKOO BIVLIB 
BIVLOH BIXNIF1O BOCAPR BOHLUP BOTDOD 
Bt.TPSOU BXCPAF BXCPAL CAHPUW CAMJEF10 
CAPHAL CEFGID CEVZUY COTCIX CUGNEX 
FMLPLA GASTRN10 GGPLMH10 GLDPLA GPABRS 
GPAGLM GPALTS MPAPAB PAGLAL PALPHS 
PHALNC01 PHALNC10 TGGPDH TPHALB10 CITXEI10 
CCDB refcodes used in comparison to structure 5.2 
ASPART10 ASPGLY BERBOP BEVXEF 	BIPPAR 
BOVXOZ BOVZOX10 BURLIJ BURLOP 	CAPRAM 
COYDUP COYFAX DLASPA10 ENSUCP 	GASTRN10 
LASPRT LHLASP10 LYSASP NAGLYB10 
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Intermolecular contacts from 5.1 
Intermolecular C -c distances less than 3.6A 
3.361(8) C(20) - C(23) 	(-1 +X ,Y ,Z 
Intermolecular C -H distances less than 2.8A 
C(9') - 11(31W) 	(-X ,-1/2+Y ,l -z 
C(9') - H(2N) (-1 +X ,Y ,Z 
C(9') - H(42W) 	(-X ,-1/2+Y ,l -z 
C(3') - H(51') (1 -x ,1/2+Y ,2 -z 
Intermolecular C -N distances less than 3.6A 
C(9') - N(2) 	(-1 +X ,Y ,Z 
Intermolecular C -o distances less than 3.4A 
C(10) 	- 0(2') (1 +X ,Y 	,Z 
C(12) 	- 0(3) (2 -X ,-1/2+Y 	,l -Z 
C(ll') 	- 0(3') (-X ,1/2+Y 	,2 -z 
C(9) - 0(1 1 ) (1 +X ,Y 	,Z 
C(15) 	- 0(2') (1 +X ,Y 	,Z 	) 
C(23) 	- 0(3W) (1 -X ,-1/2+Y 	,i -z 
Intermolecular H -N distances less than 2.8A 
11(202) - N(l) 	(1 -X ,-1/2+Y ,l -Z 













11(31W) - 	 0(1') 
H(12W) - 	 0(2') 
H(21W) - 	 0(1) 
11(41W) - 	 0(1W) 
11(42W) - 	 .0(1') 
H(2N) - 	 0(2') 
11(11W) - 	 0(3') 
H(lN') - 	 0(4W) 
11(22W) - 	 0(3W) 
11(121) - 	 0(3) 
(-X ,1/2+Y ,l -Z 
(-X ,-1/2+Y ,l -Z 
(-1 +X ,1+Y ,Z 
(X ,Y ,Z 
(-X ,1/2+Y ,1 -Z 
(1 +X ,Y ,Z 
(X ,Y ,-i +Z 
(-X ,1/2+Y ,-1 -Z 
(X ,Y ,Z 











Intermolecular N -0 distances less than 3.4A 
N(2) 	- 0(2') 	(1 +X ,Y ,Z 
	
2.686(6) 
- 0(4W) (-X ,1/2+Y 1 1 -Z 
	
3.000(7) 




Intermolecular 0 -0 distances less than 3.2A 
0(3') 	- 0(1W) (X ,Y 	,l 	+Z 	) 2.777(6) 
0(1') 	- 0(3W) (-X ,-1/2+Y 	,l -z 	) 2.788(6) 
0(1') 	- 0(4W) (-X ,-1/2+Y 	,l -z 	) 2.803(7) 
0(2') 	- 0(1W) (-X ,1/2+Y 	,l -Z.) 2.804(6) 
0(1W) 	- 0(4W) (X ,Y 	,Z 	) 2.805(7) 
0(2) - 0(3W) (-X ,-1/2+Y 	,l -z 	) 2.812(6) 
0(1) 	- 0(2W) (1 +X 	,-1 +Y 	,Z 	) 2.833(5) 
0(2W) 	- 0(3W) (X ,Y 	,Z 	) 3.079(7) 
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Intermolecular contacts from 5.2 
Intermolecular c -c distances less than 3.6A 
C(20) - 	 C(23) 
C(18) - 	 C(35) 
C(20') - C(23') 
C(16) - 	 C(33) 
C(18) - 	 C(36) 
C(16') - 	 C(32) 
C(17) - 	 C(34) 
C(17') - 	 C(30) 
C(15') - 	 C(33) 
C(17) - 	 C(35) 
(1 +X ,Y ,Z 
(1 -X ,1/2+Y ,-1 -z 
(-1 +X ,Y ,Z 
(1 -X ,1/2+Y ,-1 -z 
(1 -X ,1/2+Y ,-i -Z 
(-1 +X ,Y ,l +Z 
(1 -X ,1/2+Y ,-1 -z 
(-1 +X ,Y ,l +Z 
(-1 +X ,Y ,l +z 











Intermolecular C -H distances less than 2.8A 
C(41) - H(52N) 
C(39) - 	 H(2N) 
C(23') - H(702) 
C(22) - H(32W) 
C(32) - H(31W) 
C(20') - H(732) 
(X ,Y ,-1 +Z 
(-X ,-1/2+Y ,-Z 
(1 +X ,Y ,Z 
(-1 +X ,Y ,Z 
(X ,Y ,-1 +Z 









Intermolecular C -N distances less than 3.6A 
C(41) - N(2') 	(X ,Y ,-1 +Z 
C(39) - N(2) (-X ,-1/2+Y ,-Z ) 
Intermolecular C -o distances less than 3.4A 
C(18) 	- 0(32) (1 -X ,1/2+Y 	,-Z 	) 3.160(13) 
- 0(36) (X 	,Y ,l 	+Z 	) 3.260(22) 
C(17) 	- 0(32) (1 -X 1/2+Y 	,-Z 	) 3.283(13) 
C(9') 	- 0(35) (X 	,Y ,1 	+Z 	) 3.292(15) 
- 0(4) (X 	,Y ,1 	+Z 	) 3.297(11) 
C(15) 	- 0(33) (-X 	,1/2-fY ,-Z 	) 3.355(12) 
C(19') 	- 0(1) (-1 +X ,Y 	,Z 	) 3.359(11) 
C(12) 	- 0(3') (X 	,Y ,-1 	+Z 	) 3.375(11) 
C(11) 	- 0(4') (X 	,Y ,Z 	) 3.388(11) 
Intermolecular H -0 distances less than 2.6A 
H(2N) 	- 0(33) (-X ,1/2+Y 	,-Z 	) 1.67(8) 
H(52N) 	- 0(35) (X ,Y ,1 	+Z 	) 1.72(8) 
H(61W) - 0(1) (X ,Y ,Z 	) 1.87(7) 
H(21W) - 0(33) (1 +X ,Y 	,1 	+Z 	) 1.94(7) 
H(12W) 	- 0(1') (1 +X ,Y 	,Z 	) 1.96(7) 
H(11W) 	- 0(2) (X ,Y ,Z 	) 2.09(7) 
H(22W) 	- 0(3W) (X ,Y ,Z 	) 2.12(7) 
H(52N) 	- 0(36) (X ,Y ,1 	+Z 	) 2.13(8) 
H(52W) 	- 0(35) (1 -X ,1/2+Y 	,-Z 	) 2.17(8) 
H(181) 	- 0(32) (1 -X ,1/2+Y 	,-Z 	) 2.32(8) 
H(62W) 	- 0(5W) (1 -X ,-1/2+Y 	,-Z 	) 2.44(8) 








Intermolecular N -0 distances less than 3.4A 
N(2) - 	 0(33) 
N(2') - 	 0(35) 
N(2') - 	 0(36) 
N(2) - 	 0(34) 
(-X ,1/2+Y ,-Z 
(X ,Y ,] +Z 
CX ,Y ,l +Z 





Intermolecular 0 -0 distances less than 3.2A 
0(34) 	- 0(2W) 
0(33) 	- 0(2W) 
0(35) 	- 0(5W) 
0(2W) 	- 0(3W) 
0(1') 	- 0(1W) 
0(1) - 0(6W) 
0(2') 	- 0(5W) 
0(2) - 0(4W) 
0(35) 	- 0(3W) 
0(2) - 0(1W) 
(-1 +X ,Y ,Z 
(-1 +X ,Y ,-1 +Z 
(1 -X ,-1/2+Y ,-Z 
(X ,Y ,Z 
(-1 +X ,Y ,Z 
(X ,Y ,Z 
(-X ,-1/2+Y ,i -z 
(X ,Y ,Z 
(-1+X ,Y ,-i +Z 













THE BRUCINE SALTS OF N-ACETYL-L-TRYPTOPHAN AND N-CBZ-L-GLUTAMIC ACID 
The two structures described in this chapter are amino acid salts that 
exhibit one of the packing types identified in chapter 3. Both salts were formed 
from simple cocrystallisations, so the resulting structures cannot be firmly 
identified as the preferred diasteromeric salts under the conditions of 
crystallisation from a racemate. 
6.1. Brucine N-CBZ-L-glutamate 
This crystal was formed from a 2:1 mixture of brucine and 
N-CBZ-L-glutamic acid dissolved in a 96% ethanol water mixture. The crystal 
data are given below. 
(C23H27N204)2.C13H12N1O6 2 .9H20 M=1231.22 space group P21 
a =971(l) 	b =32.597(9) 	C =9.627(3) A B =99.62(5) ° 
LI =2960.9A3 Z =2 D =1.38 g CM-3 T = 293 K 
Mo-Ku radiation, Xx= 0.71069 A i = 1.00 cm 	, F(000) = 1314 
N.B. The above information does not include the partially occupied 
water molecule 0(10W) which has a site occupancy factor of 0.2. 
No resolution of CBZ-Glutamic acid by brucine has been reported, with the 
closest derivative resolved being the N-benzoyl derivative resolved by Fischer 2 . 
The crystal was an approximately square tablet of dimensions 0.34x0.34x0.28 
mm. Oscillation and Weissenberg photographs gave an approximate cell and 
showed the space group to be P2 1 . The unit cell was refined on a Nonius 
CAD-4 four circle diffractometer using MoK radiation with 25 automatically 
centred reflections with e between 7.780 and 12.00.  The crystal was then 
transfered to a Stoe Stadi-2 two circle diffractometer and manually aligned. 
Data were collected using MoK a  radiation to a maximum 9 of 25 0 (h=0 10, k0 
38, 1=-11 11), and a total of 5144 unique reflections were collected of which 
1302 had 1<2a(l). The structure was solved using automated Patterson search 
techniques 52, with a strychnine molecule as the search fragment. The phases 
derived 51 from this positioned and orientated strychnine were used to produce 
a Fourier map in which it was possible to find the non-hydrogen skeletons of 
both brucine and the CBZ-glutamate ions. These atoms were input to the 
refinement program 55  and gave an initial R factor of 0.29. After the first cycle 
of least squares eight water molecules were found in the resulting difference 
Fourier map, and a further water molecule was found after the next cycle of 
least squares. This model was refined with each atom having an isotropic 
thermal parameter to an R of 0.12. Hydrogens were added to the brucine and 
glutamate ions in calculated positions with fixed isotropic thermal parameters 
and constrained to ride positionally with their parent atoms, and this model 
refined to an R of 0.10. All non-hydrogen atoms were then refined with six 
anisotropic thermal parameters. During this stage of the refinement hydrogens 
were added to the water molecules, either in positions deduced from the 
hydrogen bonding network, or positions found indifference Fourier maps, and 
these hydrogens were refined with constrained H-0 and H..H distances. In the 
later stages of this refinement a strong unconnected peak appeared in the 
difference map, and this was assigned as a tenth water molecule. This atom 
refined with a very high thermal parameter and was modelled instead as a 
partially occupied water molecule with a fixed isotropic thermal parameter, and 
variable site occupancy. The data were weighted according to the scheme 
W= 1 /{a 2 (F)+0.000782F 2}, 
which gave the most even distribution of variance in ranges of sin(e) and 
abs(F). In the final cycle of least squares 842 parameters were refined in three 
blocks using 3838 data, and the largest shift over esd was on a water hydrogen 
at 0.271, with an average over all the parameters of less than 0.03. In the final 
difference Fourier the largest residual peak was 0.28eA 3 and the deepest 
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trough -0.24eA 3 . The final R factor was 0.0578 with Rw at 0.0639. 
Brucine geometry 
There are two independent brucines in this structure, and in most respects 
the bond lengths and angles of these two ions are unexceptional. The largest, 
and the most unusual, differences in this structure are in the bond lengths 
around the amide nitrogen N(1). In one ion the bond to the aromatic ring is 
short C(1)-N(1) at 3.386(7)A, while this bond in the second ion is more 
representative of the other. brucine and strychnine ions at 1.439(7)A. There is a 
smaller difference in the bond C(21)-N(1) with the primed ion having the 
shortened bond length at 1.324(7)A, 	and the unprimed ion having the more 
representative bond length of 	1.360(7)A The wide angle at an sp 3 carbon in 
this ring is shown by both brucine ions, with in each case the ring angle at 
C(20) wider than that at the neighbouring sp 2 amide carbon C(21), but the 
difference is more pronounced in the primed ion. 
C(19)—C(20)—C(21) 	117.1(5) C(19' )_C(20s  )—C(21' ) 	118.1(5) 9 
C(20)—C(21)—N(1) 115.9(5) 	C(20' )—C(21' )—N(I' ) 114.4(5) 
The flexible torsion angle C(19)-C(20)-C(21)-N(1) in this ring is -38.7(7) ° in the 
unprimed ion and -37.3(8) 0 in the primed. 
The anomalous distances found around the amine nitrogen are not as 
notable in this structure as some, but the bond lengths follow the trend 
established in previous structures. 
C(9)—N(2) 1.523(7) C(9')—N(2') 1.528(8) 	A 
C(10)—N(2) 1.497(7) C(10')—N(2') 1.506(8) 
C(15)—N(2) 1.492(7) C(15')—N(2') 1.497(8) 
The aromatic rings are virtually identical in each ion, with the ring angles at 
C(2) and C(5) similar and narrower than the others in the aromatic ring. 
WE 
C( 1 )-C(2 )-C( 3) 	118.4(5) 	C(4)-C(5)-C(6) 	118.8(5) 0 
	
C(1' )-C(2' )-C(3' ) 116.8(5) C(4' )-C(5' )-C(6' ) 119.1(5) 
The methoxy groups also follow the trends established in previous structures, 
with in both cases the methoxy group attached at C(4) being more twisted out 




C(5' )-C(4' )-O(4' )-C(23' ) -13.0(8) 
and in all four methoxy groups the asymmetric attachment of the methoxy to 
the aromatic ring is conserved. 
C(2)-C(3)-0(3) 	123.9(5) 
C(2' )-C(3' )-O(3' ) 123.5(5) 
C(5)-C(4)-0(4) 123.9(5) 
C(5' )C(4' )-O(4' ) 124.3(5) 
C(4)-C(3)-0(3) 	114.6(5) 0 
C(4' ) -C(3' ) -O(3' ) 114.7(5) 
C(3)-C(4)-0(4) 115.9(5) 
C(3' )-C(4' )-O(4 ) 116.0(5) 
N-CBZ-L-glutamate geometry 
The CBZ-glutamate conformation and numbering is shown in figure 6.1a. 
- 	
35ot~ - 3060 
42 










The N-CBZ-L-glutamate ion has only one bond that is slightly shorter than 
might be expected, and that is the bond between two CH2 carbons C(40)-C(41) 
at 1.491(9)A. All four C-C bond lengths in the two acid functions are 
virtually equal. 
C(39)-0(33) 	1.262(8) 	C(39)-0(34) 1.260(7)A 
C(42)-0(35) 1.251(10) C(42)-0(36) 1.220(11) 
The bond lengths and angles within the N-protecting group are internally 
consistent, but there is a relatively extreme asymmetry in the attachment of 
the 	phenyl 	ring, with 	the angle C(30)-C(35)-C(36) 	at 	124.0(6) 0 and 
C(34)-C(35)-C(36) at 116.9(6). The oxygen atom than connects the benzyl group 
to the rest of the N-protecting group lies, unusually, virtually in the plane of 
the aromatic ring, with the torsion angle C(30)-C(35)-C(36)-0(31) at 3.7(9) 0 , and 
the steric interference between this ring and the aromatic system would 
account for the asymmetry in the ring attachment. The glutamate ion has a 
long all trans chain between C(36) and C(42). A search was made of the 
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Cambridge Crystallographic database 64  for the glutamate fragment and 28 
compounds were found which contained it. There were 32 data entries for thes 
28 compounds, and of these 32, seven had no coordinate data, and in the 
remaining 25 coordinate sets the glutamate ion was identified uniquely 28 
times. Analysis of the geometry of these 28 glutamate fragments confirmed 
that C(40)-C(41) is short, and also shows that the bonds C(38)-N(1) and 
C(38)-C(39) are at the shorter end of the spectrum of observed distances for 
these bonds. The remaining bond lengths and angles in the glutamate ion are 
within the ranges of those previously observed. The conformation of the 
glutamate ion in this structure is not the most common with only eight out of 
28 having N(31)-C(38)-C(40)-C(41) trans, and only five having 
C(38)-C(40)-C(41)-C(42) also trans. The orientation of the acid function is less 
variable than that of the amino acid function. The majority of the previously 
observed structures have the torsion angle C(40)-C(41)-C(42)-0(35) within 300 
of 180 0 (or 0 0), with only two previously examined structures having this 
torsion more twisted than the 41.8(9) 0 seen in this structure. The glutamate ion 
in this structure seems to be in a less common conformation than those 
previously observed and this suggests that some degree of conformational 
strain has been induced to allow a better packing arrangement. 
Hydrogen Bonding 
The CBZ-L-glutamate ion forms two strong hydrogen bonds, one to each of 
the independent brucinium ions. These hydrogen bonds are approximately equal 
in strength and have the following geometry (a packing diagram is shown in fig 
6.1 b) 
N. .0(A) 	H. .0(A) 	N—H. .0( 0 ) 
N(2)..0(34) 
	
2.662(6) 1.640 155.6 
N(2')..0(35) 2.666(8) 	 1.701 	 146.0 
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Fig. 6.1b Packing diagram of 6.1 
K 	 K 
cI 
C axis projection 
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There are nine fully occupied and one partially occupied water molecules in 
this structure. The partially occupied water 0(10W) takes part in very little 
strong hydrogen bonding, and its presence or absence makes no difference to 
the hydrogen bonding network of the other nine water molecules. Five of the 
water molecules are involved in an infinite chain hydrogen bond which runs 
parallel to the a axis, and the constituent hydrogen bonds are given below. 
0(3W). .0(5W) 2.689(9) 0(5W)..0(6W) 2.748(8)A 
0(6W)..0(9W) 2.838(9) 	0(4W)..0(9W) 2.957(9) 
0(4W). .0(3W) 2.798(9) 
All other hydrogen bonding in the structure makes a connection to this chain, 
with three of the remaining water molecules forming a short finite chain. 
0(9W)..0(2W) 2.680(9) 	0(2W)..O(1W) 2.807(9)A 
0(1W). .0(8W) 2.712(9) 
The remaining fully occupied water molecule donates two hydrogen bonds to 
two different glutamate ions, linking them in the c direction. 
0(7W)..0(34) 2.912(7) 	0(7W)..0(36) 2.824(9)A 
0(7W)..0(6W) 2.760(9) 
The amide functions of both brucines are hydrogen bonded to water molecules 
with 0..0 distances of 0(3W)..0(1) 2.806(8)A and 0(8W)..0(1') 2.806(8)A. The 
partially occupied water molecule only. makes one hydrogen bond of any 
consequence and that is 0(10W)..0(3W) at 2.96(3)A. The remaining hydrogen 
bonds in the structure are between the glutamate ion and the water molecules, 
with no direct glutamate-glutamate bonds. These bonds form links in the a 
direction, c direction, or circular hydrogen bonding networks. 
0(5W)..0(35) 2.770(9) 	N(31)..0(4W) 2.983(7)A 
0(2W)..0(34) 2.751(7) 	O(1W)..0(32) 2.921(7) 
0(8W)..0(33) 2.773(9) 
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This results in a hydrogen bonded sheets of glutamate ions and water 
molecules parallel to the ac plane. The sheet is connected to both independent 
brucine ions via a salt bridge, and a water hydrogen bond to the oxygen of the 
amide function. 
Other non-bonded interactions 
This structure has a similar set of alkaloid-alkaloid non-bonded interactions 
to that of structure 3.4 with, in this structure, the second shortest C..0 contact 
being C(5)..C(22') at 3.520(9)A, with C(5')..C(22) at 3.538(9)A. There is an aromatic 
ring-ring contact with C..0 distances of C(3)..C(3') 3.582(8)A and C(3)..C(4') 
3.634(8)A, and' an interplanar angle of 11.7 0 . Additionally to these 
alkaloid-alkaloid contacts identified in 3.4 there is closer contact between the 
amide functions of the two independent brucines with contacts 
C(21)..C(21') 	3.652(8) 	C(21')..0(1) 	3.355(7)A 
C(21)..0(1') 	3.359(7). 
The. short C..O contact along one of the 	ac face diagonals is also. present in. 
this 	structure 	with 	C(23)..0(2) 	at 3.282(9)A 	and 	C(23')..0(2') 	at 3.343(8)A. The 
presence of a large amino acid counterion superimposes several other short 
contacts on top of this pattern. In particular there are a large number of short 
C..0 contacts between the aromatic ring of the N-protecting group and the 
area around the vinyl function of the brucine ions. These are 
C(17)..C(32) 	3.536(12) 	C(15)..C(30) 	3.570(9)A 
C(17)..C(33) 	3.574(10) 	C(15 - )..C(30) 	3.442(10) 
C(15')..C(35) 	3.522(9) 	C(16')..C(30) 	3.549(10) 
with an interplanar angle between the unprimed brucine vinyl group and the 
aromatic ring of 53.0 °, and between the primed brucine and the ring of 15.4 0 . 
There are also several other short C..O contacts that cannot be attributed to 
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the proximity of a hydrogen bond. Two of these contacts involve the partially 
occupied water molecule 0(10W) and are C(10')..0(10W) at 3.16(3)A and 
C(42)..0(10W) 3.18(3)A, and C(36) makes a close contact with 0(2W) at 
3.253(9)A. The final short C..0 contact is between the amide oxygen on the 
amino acid and a CH 2 group on one of the brucines with C(10)..0(32) at 
3.257(7)A with an accompanying short H..0 contact H(102)..0(32) 2.499A. 
The brucine packing in this structure is very like that of 3.4 with 
monolayers of brucine made up from offset stacked ribbons of brucine, and like 
the tartrate ions of 3.4 the counteriôns lie between these monolayers with a 
large amount of water included in the counterion layer. Unlike the tartrate ions, 
however, both acid functions of the glutamate ion can make good hydrogen 
bonds, and additionally the aromatic ring of the N protecting group makes a 
close contact with both brucine vinyl groups, which lie exposed on the outer 
surface of the monolayer. This contact between the brucine vinyl group is 
similar to that seen in the N-acetyl-D-phenylalaninate and N-CBZ-L-aspartate 
salts. It is interesting to note that such a large packing change occurs with 
only the addition of one CH2 between the aspartate and glutamate, 
emphasising the difficulties in making any predictions of preferential 
crystallisation on the basis of similarity of substance to be resolved. The very 
extended conformation of the glutamate between ring and acid function 
suggests that this packing mode would not be available to the aspartate salt, 
as the aspartate would suffer a large loss in hydrogen bonding stabilisation 
because of the shorter chain available. 
6.2. Brucine N-Acetyl-L-Tryptophan 
This crystal was the eventual result from a 1:1 mixture of brucine and 
N-acetyl-L-tryptophan disolved in a 96% ethanol/water mixture. No good single 
crystal could be isolated from the first crystallisation, so most of the primary 
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product was crystallised with a small amount of the primary material used to 
seed a more dilute solution. This resulted in large clumps of crystals that grew 
from the seed crystals, and from one of these clumps a diffraction quality 
crystal was cut. Upon examination of this crystal by oscillation and 
Weissenberg photography, however, it was found to be twinned. A second 
recrystallisation was performed, and from a crystal out of this batch, the 
approximate cell dimensions, 
a =10.41 	b =12.3 	C =14.69 	A 	B =101.2 0 , 
were estimated from oscillation and Weissenberg films, the space group being 
either P2 1 or P2. Assuming a 1:1 adduct of brucine and tryptophan this gives a 
calculated density of 1.155gcm 3.The spot shapes of the low angle reflections 
were rather odd, with pronounced streaking in both 8 and w directions, and so 
a third crystal was selected which had the same cell as the previous crystal 
but with a less peculiar spot shape. Some 20 days elapsed between initial cell 
determination and the first available data collection slot, and up .on 
rephotographing it was discovered that the mounting axis length had. doubled 
from 12.03A to 24A, presumably as a result of loss of solvent molecules. This 
change was accompanied by a severe loss of diffracting ability, and so a fourth 
crystal was selected and mounted. An oscillation photograph was . taken to 
ensure there were no gross crystal defects, and it was found to have an 
oscillation axis that did not match any of the axes previously found. It was 
noted that the crystals remaining in the sample jar appeared to have similar 
external morphologies, and the crystal to be used was coated in shellac to 
prevent any crystal decay by solvent loss. The crystal data for this crystal are 
given below. 
C23H27N204tC23H26N204.C13H12N103.5H20 M=1124.19 space group P21 
a =9.571(4) 	b =31.793(6) 	C =9.167(1) A B =97.94(2) ° 
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U2762.7 3 Z2 D 1.35 g c&3 T = 293 K 
MO-Ka radiation, X ) = 0.71069 A ji = 0.92 cm-1 , F(000) = 1198 
It can be seen that the bc face of the first crystal is approximately related to 
the ac face of this crystal in a similar manner to that seen between the cells of 
brucine sulphate (3.5) and brucine tartrate(3.4). The crystal used for data 
collection was a thick needle of dimensions 0.7x0.3x0.4 mm, and the data were 
collected on a Nonius CAD-4 diffractometer usinjMoK M radiation. The unit cell 
was determined and refined using 22 reflections with e between 9.89 and 
10.960 . Initially data were collected to 21.5 ° in e, but the structure would not 
solve by either direct methods 50 or automated Patterson search techniques 52, 
so a further shell of data were collected to a maximum e of 240(total h=-10 11 1, 
k=0 37, 1=0 10) giving a total of 4902 data of which 4653 were unique (merging 
R 0.034). The intensity of one reflection was monitored during data collection, 
which showed that there was no crystal decay during data collection, and 
allowed the two batches of data to be scaled together. The structure was 
solved using automated Patterson search techniques with a strychnine as a 
search fragment. In the Fourier map - calculated with phases derived 51 from this 
orientated and positioned strychnine, it was possible to find the non hydrogen 
skeletons of the brucine, all except five atoms in the aromatic system of the 
tryptophan, and an extra brucine molecule. The missing five atoms of the 
tryptophan were found in a conventional difference Fourier map. When input to 
the refinement program 55 these atoms gave an initial R factor of 0.25. During 
the course of refining these atoms with isotropic thermal parameters four 
water molecules were found, and this model converged at R of 0.12. Hydrogens 
were added in calculated positions with fixed isotropic thermal parameters and 
constrained to ride positionally with their parent atoms, and during this stage 
of refinement a fifth water moecule was found in a difference Fourier map, as 
were the hydrogens for most of the water molecules, and these hydrogens 
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were refined with fixed isotropic thermal parameters and constrained 0-H bond 
lengths. It was also possible to see a strong peak approximately i.OA from one 
of the brucine nitrogens, and so this brucine was assigned as the brucine ion. 
This model converged at an R of 0.081, and all non-hydrogens were refined 
with six anisotropic thermal parameters. 0(4W) and 0(5W) developed large 
thermal parameters in one direction and were set isotropic again, when a 
second strong peak appeared close to the original position for 0(4W). This was 
modelled as a second site for 0(4W) and the site occupancy factors for these 
two atoms were allowed to refine but constrained to sum to one, which 'gave a 
final site occupancy of 0.764 for 0(4WA) and 0.236 for 0(4WB). The data were 
weighted according to the scheme' 
W= 1 /(a 2 +O.000753F2), 
which gave the most even distribution of variance in ranges of sin(e) and 
abs(F). In the final cycle of least squares 754 parameters were refined in three 
blocks using 3261 unique data,. with the largest shift over esd being on a water 
hydrogen positional parameter at 0.403, with an average, for all parameters of 
less than 0.05. In the final difference Fourier map the highest peak was 0.31A 3 
and the deepest trough 0.27A 3 . The final R factor was 0.0571 and Rw was 
0.0697. 
Brucine geometry 
This structure affords. the opportunity to study a brucine molecule and a 
brucine ion in similar environments.' It shows that protonation of the amine 
nitrogen causes little change in the bond lengths and angles, with both brucine 
units having similar bond lengths and angles to those previously encountered. 
The largest difference is in a carbon-carbon bond with the unprotonated 
brucine having C(15)-C(16) at 1.530(10)A while the protonated brucine has a 
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more typical bond length of 1.485(9)A. The anomalous bond length distribution 
around the brucine nitrogen is present in both brucine units, but significant 
only in light of the previously established trend. There is also a trend for the 
C-N bond lengths to be shorter in the neutral brucine molecule. 
C(9)-N(2) 	1.526(8) 
	
C(9' )-N(2' ) 	1.509(9)A 




In the aromatic ring, both brucines have a narrowing of the angles at C(2) and 
C(5), with the narrowing more prominent at C(2) in both cases. 
C(1)-C(2)-C(3) 	117.4(5) 	 C(4)-C(5)-C(6) 	119.0(5) 0 
C(1' )-C(2' )-C(3' ) 117.1(5) C(4' )-C(5' )-C(6' ) 119.6(5) 
The asymmetric attachment of the methoxy groups is conserved in both 
b ru ci n e s, 
C(2)-C(3)-0(3) 	123.8(5) 
	
C(4)-C(3)-0(3) 	114. 5(5) ° 




C(5' )-C(4' )-O(4' ) 124.9(5) C(3' )-C(4' )-O(4' ) 115.6(5) 
as is the slightly larger twist on the methoxy group of C(23). 
C(23)-0(4)-C(4)-C(5) 	11.6(9) 	C(22)-0(3)-C(3)--C(2) 	-5.2(8) 0 
(23' )-O(4' )-C(4' )-C(5' ) 	15.4(9) 	C(22' )-O(3' )-C(3' )-C(2' ) 	-1.0(8) 
In the flexible amide containing ring, the wide ring angle at the sp 3 carbon - 
C(20) is conserved and the difference from the narrower ring angle at the 
neighbouring sp 2 amide carbon is particularly striking in the neutral brucine 
molecule: 
C(19)-C(20)-C(21) 	116.9(5) 	C(20)-C(21)-N(1) 	116.3(5) 0 
C(19' )-C(20' )-C(21' ) 118.9(5) C(20' )-C(21' )-N(1' ) 115.4(5) 
The flexible torsion angle C(19)-C(20)-C(21)-N(1) in this ring is -35.1(7) 0 in the 
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protonated ion and -32.7(8) 0 in the neutral molecule. 
N-Acetyl-L-TryptOPhafl geometry 
The N-acetyl-L-tryptophan ion in this structure appears to be unexceptional 
in all bond lengths and angles (its conformation and numbering scheme are 
illustrated in fig 6.2a). 
35 	H 31 




S HCH 31 0 
43 	42 	4A 	41 
C 8--fN —c -c4 
i H '0 32 
Fig. 6.2a 
The two acid function oxygens have virtually equal C-O bond lengths, with 
C(41)-0(31) at 1.262A and C(41)-0(32) at 1.241(8)A. The amide function of the 
tryptophan is in a trans conformation with respect to the indole group. The 
- 
acid function is twisted so that the plane of the carboxylic acid function 
approximately bisects the C8-C-N angle, and the bulkier six membered ring of 
the indole group is furthest away from the acid function with 
C(37)-C(38)-C(39)-C(40) at -1 13.9(7) 0 . 
A search was made of the Cambridge Crystallographic database 64 for the 
tryptophan fragment and 25 compounds were found that contained this 
fragment. Retrieval of these 25 compounds gave 28 data entries of which six 
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had no coordinate data available. In the remaining 22 coordinate sets it was 
possible to identify the tryptophan fragment uniquely 27 times. An analysis of 
the geometry of these 27 fragments shows that all the bond lengths and 
angles from the tryptophan in this structure are well within the ranges reported 
previously. It also shows that the conformation of the tryptophan in this 
structure is slightly unusual, in that only 10 of the 27 tryptophans examined 
have the acid function gauche to the indole side group, and that the indole 
group in this structure is more tilted with respect to the C CL -CB bond than 
most of those previously reported. 
Hydrogen bonding 
Although one of the water molecules is, disordered over two sites this does 
not greatly affect the hydrogen bond scheme, as both positions of 0(4W) are 
able to fit into the same hydrogen bonding network. Apacking diagram of 6.2 
is shown in fig 6.2b. There are five, water molecules in this structure, and they 
form two discrete water. chain 'systems. 0(3W),0(4W), and 0(5W) form one chain 
with the hydrogen bonds, 
0(5W)..0(3W) 2.892(11) 	0(3W)..0(4WA) 2.809(10)A 
0(3W). .O(4WB) 2.80(3)' 
and 0(4W) donates to both the tryptophan amide oxygen and a tryptophan acid 
oxygen, linking the tryptophan ions in the C direction. 
0(4WA)..0(33) 2.760(10) 	0(4WA)..0(32) 	2.786(10)A 
0(4WB)..0(33) 2.73(3) 0(4WB)..0(32). 2.80(3) 
0(3W) accepts a hydrogen bond from the amide nitrogen of the ion whose acid 
function accepts the hydrogen bond from 0(4W), N(32)..0(3W) 2.925(8)A, and 
also donates to the unprotonated nitrogen of the neutral brucine, 0(3W)..N(2') 
2.740(8)A. 0(5W) only makes one other hydrogen bond, donating to the amide 
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Fig. 6.2b Packing diagram of 6.2 
c axis projection 
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oxygen of the protonated brucine ion, 0(5W)..0(1) 2.851(11)A. The second chain 
consists of the remaining two water molecules, which are linked by the 
hydrogen bond 0(2W)..O(1W) 2.817(9)4k. 0(2W) hydrogen bonds the tryptophan 
ions together in the a direction with two hydrogen bonds, N(31)..0(2W) at 
2.909(9)A and 0(2W)..0(32) 2.934(8)A, while 0(1W) makes hydrogen bonds to the 
same acid function as 0(2W) and to the amide oxygen of the neutral brucine 
molecule, 0(1W)..0(31) 2.817(8)A and 0(1W)..0(1') 2.837(8)A. The strongest 
hydrogen bond in the structure is, as usual, the strong 'salt bridge' between the 
protonated amine nitrogen of the brucine ion and the deprotonated acid 
function of the amino acid ion. This hydrogen bond is N(2)..0(31) at 2.629(7)A 
with an H..0 distance of 1.666A and an N-H..0 angle of 145.6 °. The general 
features of the hydrogen bonding are those seen in various other brucine salts, 
that is: a hydrogen bonded layer of amino acid and water making two contacts 
to the brucine, at the amine nitrogen, and at the amide oxygen. 
Other Non-bonded contacts 
The brucine packing in this structure is very similar to that seen in the 
previous glutamate salt, and as such the alkaloid-alkaloid non-bonded contacts 
are also very similar, with the short contact between the aromatic rings of the 
two independent brucines evident in the contacts 
C(3)..C(3 1 ) 3.439(8) 	C(22)..C(5') 3.456(9)A 
C(5)..C(22') 3.517(9), 
and the associated contact between the two amide functions. 
C(4)..C(21') 3.473(8) 	C(5)..C(21') 3.527(8)A 
The contacts that occur between the methoxy carbons and the ether oxygen of 
the brucines along an ac face diagonal are not similar to those seen in the 
205 
glutamate structure, as the lengths are different for the two independent 
brucines, with C(23)..0(2) at 3.236(9)A and C(23')..0(2') at 3.546(9)A. Although 
the two amino acids in this structure and the previous one are very different, 
the shortest non-bonded contact between alkaloid and amino acid is very 
similar, being in each case between atoms of the aromatic system attached to 
the amino acid and the vinyl system of the brucine, the contact in this 
structure involving the nitrogen containing ring of the indole system, 
C(18)..r(31) 	3.182(10) 	C(17)..N(31) 	3.299(9)A 
C(17)..C(37) 	3.350(9) C(18)..C(37) 3.496(10) 
with an interplanar angle of 51.03 0. The only other short alkaloid-amino acid 
contact also involves the amino acid aromatic system and an atom close to the 
brucine vinyl system, but on a brucine one unit cell removed in the c direction 
from that used in the other contact, C(32)..C(15) 3.526(10)A. It should be noted 
that a resolution of N-acetyl-tryptophan by brucine has been reported 45, but 
the less soluble enantiomer was the D tryptophan. The solvent in that 
procedure was absolute ethanol, which would cause a large change in 
stabilities due to the large amount of water mediated hydrogen bonding in this 
structure. 
6.3. General packing 
The packing in the two salts is very similar, with in the tryptophan case an 
extra neutral brucine included to maintain the packing. The packing consists of 
monolayers of brucine similar to those identified in structure 3.4, with layers of 
amino acid and water intercalated between. The two salts differ in the 
orientation of successive brucine monolayers: In the glutamic acid salt, both 
vinyl groups of the independent brucines able to contact the aromatic ring of 
the amino acid, and both acid fuctions able to make good hydrogen bonds to 
the monolayers. In the tryptophan salt, possibly because of the shorter possible 
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ring-acid distance in the amino acid, the bilayer that makes the good hydrogen 
bond does not make a vinyl aromatic system contact. This vinyl group to 
aromatic ring contact has been identified in four salts, and two different 
packing types. The nature of the contact is unclear, with two immediate 
possibilities being either that the vinyl group is acting as some sort of pseudo 
aromatic ring , or that the lack of steric hinderance associated with this group 
and its positioning on the outside of the monolayer allows easy positioning of 
the aromatic ring, with few sterically unfavourable interactions. Whatever the 
cause, the effect seems very similar: consistently to place the aromatic ring of 
a molecule in a similar position relative to one or both of the enclosing brucine 
monolayers. For the glutamate this gives all three pendant groups around C 
positioned and the chiral specificiiy that suggests. The tryptophan salt is less 
easy to rationalise, and if resolution takes place in this salt the determining 
factor must be the ease of fit of the N-acetyl group in the remaining interlayer 
space. 
Nib 
Brucine bond lengths in A for structures 
6.1 6.1' 6.2 6.2' 
C(1) - 	 C(2) 1.395(8) 1.392(8) 1.372(8) 1.382(8) 
C(l) - 	 C(S) 1.385(7) 1.352(8) 1.383(7) 1.387(8) 
C(1) - 	 N(1) 1.386(7) 1.439(7) 1.433(6) 1.432(7) 
C(2) - 	 C(3) 1.359(8) 1.368(8) 1.382(8) 1.385(8) 
C(3) - 	 C(4) 1.399(8) 1.394(8) 1.408(8) 1.417(8) 
C(3) - 	 0(3) 1.371(7) 1.379(7) 1.386(7) 1.378(7) 
C(4) - 	 C(5) 1.379(8) 1.381(8) 1.392(8) 1.376(8) 
C(4) - 	 0(4) 1.345(7) 1.366(7) 1.366(7) 1.359(7) 
C(S) - 	 C(6) 1.394(8) 1.388(8) 1.395(8) 1.398(8) 
C(6) - 	 C(7) 1.496(7) 1.494(8) 1.498(8) 1.514(8) 
C(7) - 	 C(8) 1.558(7) 1.544(8) 1.556(8) 1.570(8) 
C(7) - 	 C(9) 1.537(8) 1.543(8) 1.555(8) 1.538(9) 
C(7) - 	 C(11) 1.542(8) 1.532(8) 1.545(8) 1.539(9) 
C(8). - 	 C(14) 1.519(7) 1.527(8) 1.509(8) 1.526(9) 
C(8) - 	 N(1) 1.494(7) 1.482(7) 1.477(7) 1.500(8) 
C(9) - 	 C(12) 1.522(8) 1.524(8) 1.520(9) 1.537(9) 
C(9) - 	 N(2) 1.523(7) 1.528(8) 1.526(8) 1.509(9) 
C(10) - 	 C(11) 1.510(8) 1.519(9) 1.520(9) 1.530(9) 
C(10) - 	 N(2) 1.497(7) 1.506(8) 1.516(8) 1.483(9) 
 - 	 C(13) 1.520(8) 1.525(9) 1.522(9) 1.506(9) 
 - 	 C(14) 1.523(8) 1.531(8) 1.535(8) 1.550(9) 
C(13) - 	 C(16) 1.516(8) 1.530(9) 1.523(8) 1.513(10) 
 - 	 C(19) 1.540(8) 1.506(8) 1.536(8) 1.540(9) 
 - 	 C(16) 1.485(8) 1.469(9) 1.485(9) 1.530(10) 
C(15) - 	 N(2) 1.492(7) 1.497(8) 1.504(8) 1.484(9) 
 - 	 C(17) 1.316(8) 1.325(10) 1.329(9) 1.316(10) 
 - 	 C(18) 1.505(9) 1.487(10) 1.505(10) 1.499(11) 
 - 	 0(2) 1.426(8) 1.439(9) 1.443(8) 1.436(9) 
 - 	 C(20) 1.533(8) 1.537(9) 1.536(8) 1.530(9) 
C(19) - 	 0(2) 1.425(7) 1.442(8) 1.450(7) 1.436(8) 
 - 	 C(21) 1.506(8) 1.513(9) 1.491(8) 1.515(9) 
 - 	 N(1) 1.360(7) 1.324(7) 1.369(7) 1.354(8). 
C(21) - 	 0(1) 1.202(7) 1.214(7) 1.246(7) 1.235(7) 
 - 	 0(3) 1.415(8) 1.403(8) 1.426(8) 1.430(9) 
 - 	 0(4) 1.399(9) 1.411(8) 1.425(9) 1.419(8) 
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Brucine bond angles in 0  for structures 
6.1 6.1' 6.2 6.2' 
C(2) 	-C(l) -C(6) 120.9(5) 123.0(5) 122.8(5) 122.8(5) 
C(2) 	-C(l) -N(1) 128.0(5) 127.0(5) 128.0(5) 128.1(5) 
C(6) 	-C(1) -N(l) 111.1(5) 110.1(5) 109.3(4). 109.2(5) 
C(1) 	-C(2) -C(3) 118.4(5) 116.8(5) 117.4(5) 117.1(5) 
C(2) 	-C(3) -C(4) 121.5(5) 121.7(5) 121.7(5) 121.6(5) 
C(2) 	-C(3) -0(3) 123.9(5) 123.5(5) 123.8(5) 123.2(5) 
C(4) 	-C(3) -0(3) 114.6(5) 114.7(5) 114.5(5) 115.3(5) 
C(3) 	-C(4) -C(5) 120.1(5) 119.6(5) 119.4(5) 119.5(5) 
-C(4) -0(4) 115.9(5) 116.0(5) 115.5(5) 115.6(5) 
C(S) 	- - 0(4) 123.9(5) 124.3(5) 125.1(5) 124.9(5) 
C(4) 	-C(S) -C(6) 118.8(5) 119.1(5) 119.0(5) 119.6(5) 
C(l) 	-C(6) -C(S) 120.1(5) 119.7(5) 119.7(5) 119.3(5) 
C(1) 	-C(6) -C(7) 109.9(5) 111.6(5) 110.5(5) 111.6(5) 
C(5).-C(6) -C(7) 129.8(5) 128.4(5) 129.7(5). 128.9(5) 
C(6) 	-C(7) -C(8) 102.7(4) 102.5(4) 103.2(4) 102.4(5) 
C(6) 	- C(7) 	- C(9) 116.8(4) 115.7(5) 115.4(5) 117.1(5) 
C(6) 	-C(7) -C(11) 111.5(4) 112.0(5) 112.4(5) 110.9(5) 
C(8) 	-C(7) -C(9) 114.1(4) 114.3(5) 114.3(5) 114.5(5) 
-C(7) -C(11) 110.8(4) 111.2(5) 110.9(5) 110.2(5) 
-C(7) -C(11) 101.2(4) 101.5(4) 100.9(4) 101.9(5) 
- - C(14) 116.7(4) 116.8(5) 116.0(5) 116.3(5) 
C(7) 	- C(8) 	- N(1) 103.9(4) 105.1(4) 103.9(4) 104.2(5) 
C(14)-C(8) -N(1) 105.9(4) 105.2(4) 106.0(4) 105.5(5) 
C(7).-C(9) -C(12) 114.9(4) 115.6(5) 115.7(5) 114.6(5) 
C(7) 	-C(9) -N(2) 104.7(4) 105.0(4) 105.3(4) 104.9(5) 
C(12)-C(9) -N(2) 109.7(4) 110.2(5) 108.8(5) 110.8(5) 
C(11)-C(10)-N(2) 104.5(4). 104.5(5) 104.7(5) 104.9(5) 
C(7) 	-C(11)-C(10) 102.8(4) 104.4(5) 103.5(5) 101.8(5) 
C(9) 	-C(12)-C(13) 109.4(4) . .108.2(5) 109.1(5) 108.6(5) 
C(12)-C(13)-C(14) 106.6(4) 106.9(5) 107.2(5) 106.7(5). 
C(12)- C(13)- C(16) 108.6(4) 108.9(5) 108.0(5). 110.7(6) 
C(14)-C(13)-C(16) 115.0(4) 113.4(5) 114.7(5) 114.3(5) 
C(8) 	-C(14)-C(13) 112.7(4) 113.1(5) 113.5(5) 111.9(5) 
C(8) 	-C(14)-C(19) 107.3(4) .108.4(5) 107.4(5) 107.2(5) 
C(13)- C(14)- C(19) 117.8(4), 118.2(5) 117.6(5) 118.8(5) 
C(16)-C(15)-N(2) 110.9(5) 110.1(5) 110.5(5) 111.3(6) 
C(13)-C(16)-C(15) 115.7(5) 116.7(5) 116.3(5) 113.9(6) 
C(13)-C(16)-C(17) 122.6(5) .121.5(6) 122.7(6) 123.5(6) 
C(15)- C(16)- C(17) 121.6(5) 121.8(6) 121.0(6) 122.6(6) 
C(16)- C(17)- C(18) 122.4(5) 123.1(7) 121.5(6) 122.8(7) 
C(17)-C(18)-0(2) 109.4(5) 110.5(6) 110.3(5) 111.6(6) 
C(14)-C(19)-C(20) 110.5(5) 109.8(5) 111.4(5) 110.6(5) 
C(14)-C(19)-0(2) 113.1(4) 114.6(5) 113.9(5) 114.2(5) 
C(20)-C(19)-0(2) 103.7(4) 103.8(5) 103.2(5) 104.3(5) 
C(19)- C(20)- C(21) 117.1(5) 118.1(5) 116.9(5) 118.9(5) 
C(20)-C(21)-N(1) . 	 115.9(5) 114.4(5) 116.3(5) 115.4(5) 
C(20)-C(21)-0(I) 120.8(5) 120.7(5) 121.9(5) 121.7(5) 
N(1) 	-C(21)-0(1) 123.2(5) 124.8(6) 121.7(5) 122.9(5) 
C(1) 	-N(1) -C(8) 109.5(4) 108.1(4) 109.8(4) 109.9(4) 
C(1) 	-N(1) -C(21) 127.2(4) 126.3(5) 126.0(5) 126.4(5) 
C(8) 	-N(1) -C(21) 118.5(4) 120.8(5) 119.1(5) 119.7(5) 
C(9) 	-N(2) -C(10) 107.8(4) 107.9(4) 107.4(5) 108.2(5) 
C(9) 	-N(2) -C(1S). 113.8(4) 114.4(5) 114.4(5) 113.8(5) 
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C(10)- N(2) -C(15) 112.6(4) 112.3(5) 111.9(5) 111.4(5) 
C(18)-O(2) -C(19) 115.8(4) 115.0(5) 115.3(5) 116.2(5) 
C(3) 	-0(3) -C(22) 116.8(5) 116.4(5) 115.4(5) 116.6(5) 
C(4) 	-0(4) -C(23) 117.4(5) 117.2(5) 116.6(5) 116.4(5) 
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Brucine torsion 
C(6) -C(l) -C(2) -C(3) 
N(1) -C(1) -C(2) -C(3) 
C(2) -C(l) -C(6) -C(5) 
C(2) -C(1) -C(6) -C(7) 
N(1) -C(1) -C(6) -C(5) 
N(1) -C(l) -C(6) -C(7) 
C(2) -C(1) -N( l ) -C(8) 
C(2) -C(l) -N(1) -C(21) 
C(6) -C(1) -N(l) -C(8) 
C(6) -C(1) -N(l) -C(21) 
C(l) -C(2) -C(3) -C(4) 
C(1) -C(2) -C(3) -0(3) 
C(2) -C(3) -C(4) -C(5) 
C.(2).-C(3) -C(4) -0(4) 
0(3) -C(3) -C(4) -C(5) 
0(3) -C(3) -C(4) -0(4) 
C(2) -C(3) -0(3) -C(22) 
C(4) -C(3) -0(3) -C(22) 
C(3) -C(4) -C(5) -C(6) 
0(4) -C(4) -C(S) -C(6) 
C(3) -C(4) -0(4) -C(23) 
C(5) -C(4) -0(4) -C(23) 
C(4) -C(5) -C(6) -C(1) 
C(4) -C(S) -C(6)-C(7) 
C(1) -C(6) -C(7) -C(8) 
C(1) -C(6) -C(7) -C(9) 
C(l) -C(6) -C(7) -C(11) 
C(5) -C(6) -C(7) -C(8) 
C(5) -C(6) -C(7) -C(9) 
C(5) -C(6) -C(7) -C(11) 
C(6) -C(7) -C(8) -C(14) 
C(6) -C(7) -C(8) -N(1) 
C(9) -C(7) -C(8) -C(14) 
C(9) -C(7) -C(8) -N(1) 
C(11)-C(7) -C(8) -C(14) 
C(11)-C(7) -C(8) -N(1) 
C(6) -C(7) -C(9) -C(12) 
C(6) -C(7) -C(9) -N(2) 
C(8) -C(7) -C(9) -C(12) 
C(8) -C(7) -C(9) -N(2) 
C(11)-C(7) -C(9) -C(12) 
C(11)-C(7).-C(9) -N(2) 
C(6) -C(7) -C(11)-C(10) 
-C(7) -C(11)-C(10) 
-C(7) -C(11)-C(10) 
C(7) -C(8) -C(14)-C(13) 
C(7) -C(8) -C(14)-C(19) 
N(1) -C(8) -C(14)-C(13) 
N(1) -C(8) -C(14)-C(19) 
C(7) -C(8) -N(1) -C(1) 
C(7) -C(8) -N(1) -C(21) 
C(14)-C(8) -N(1) -C(l) 



































































































































































• 	13.9(5) 	12.4(6) 
170.3(5) 171.4(5) 
-108.8(5) • -110.5(5) 
47.5(6) 	48.4(7) 
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C(7) -C(9) -C(12)-C(13) 
N(2) -C(9) -C(12)-C(13) 
C(7) -C(9) -N(2) -C(10) 
C(7) -C(9) -N(2) -C(15) 
C(12)-C(9) -N(2) -C(10) 































C ( 19  ) -C  ( 20  ) -c  ( 21  ) -0 ( 1) 
C(20)-C(21)-N(1) -C(1) 
C(20)-C(21)-N(1) -C(8) 
0(1) -C(21)-N(1) -C(1) 






























































































































N-CBZ-L-glutamate bond lengths mA from 6.1 
- C(31) 	1.367(12) 	C(30) - C(35) 	1.373(10) 
- C(32) 1.417(14) C(32) - C(33) 1.345(13) 
C(33) - C(34) 	1.389(11) 	C(34) - C(35) 	1.384(10) 
C(35) - C(36) 1.492(9) C(36) - 0(31) 1.454(8) 
C(37) - N(31) 	1.341(8) 	C(37) - 0(31) 	1.330(8) 
- 0(32) 1.216(8) C(38) - C(39) 1.506(8) 
- C(40) 	1.554(8) 	C(38) - N(31) 	1.446(7) 
- 0(33) 1.262(8) C(39) - 0(34) 1.260(7) 
- C(41) 	1.491(9) 	C(41) - C(42) 	1.491(10) 
C(42) - 0(35) 1.251(10) C(42) - 0(36) 1.220(11) 
N-CBZ-t-glutamate bond angles in ° from6.1 
C(31)-C(30)-C(35) 	121.3(7) 	C(30)-C(31)-C(32) 	119.5(9) 
C(31)-C(32)-C(33) 119.2(9) C(32)-C(33)-C(34) 120.9(8) 
C(33)-C(34)-C(35) 	120.4(7) 	C(30)-C(35)-C(34) 	118.8(6) 
C(30)-C(35)-C(36) 124.0(6) C(34)-C(35)-C(36) 116.9(6) 
C(35)-C(36)-0(31) 	110.9(5) 	N(31)-C(37)-0(31) 	110.3(5) 
N(31)-C(37)-0(32) 124.5(6) 0(3l)-C(37)--0(32) 125.2(6) 
C(39)-C(38)-C(40) 	109.6(5) 	C(39)-C(38)-N(31) 	111.8(5) 
C(40)-C(38)--N(31) 107.9(5) C(38)-C(39)-0(33) 117.3(5) 
C(38)-C(39)-0(34) 	119.4(5) 	0(33)-C(39)-0(34) 	123.3(6). 
C(38)-C(40)-C(41) 111.8(5) C(40)-C(41)-C(42) 113.5(6) 
C(41)-C(42)-0(35) 	116.3(7) 	C(41)-C(42)-0(36) 	119.4(7) 
0(35)-C(42)-0(36) 123.9(8) C(37)-N(31)-C(38) 120.2(5) 
C(36)-0(3l)-C(37) 	117.8(5) 





























Water bond lengths and angles from 	6.1 
0(1W) - H(11W) 1.07(5) 0(1W) - H(12W) 1.08(5) 
0(2W) 	- H(21W) 1.10(5) 0(2W) - H(22W) 1.08(5) 
0(3W) - H(31W) 1.07(5) 0(3W) - H(32W) 1.07(5) 
0(4W) - H(41W) 1.07(5) 0(4W) - H(42W) 1.07(5) 
0(5W) - H(51W) 1.09(5) 0(5W) - M(52W) 1.07(5) 
0(6W) - H(61W) 1.10(5) 0(6W) - H(62W) 1.10(5) 
0(7W) - H(71W) 1.09(5) 0(7W) - H(72W) 1.09(5) 
0(8W) - H(81W) 1.08(5) 0(8W) - H(82W) 1.09(5) 
0(9W) - H(91W) 1.08(5) 0(9W) - H(92W) 1.08(6) 
H(11W)- 0(1W)-H(12W) 125(4) H(21W)- 0(2W)-H(22W) 	110(4) 
H(31W)- 0(3W)-H(32W) 117(4) H(41W)- 0(4W)-H(42W) 121(4) 
H(51W)- 0(5W)-H(52W) 117(4) H(61W)- 0(6W)-H(62W) 	108(4) 
11(71W)- 0(7W)-H(72W) 113(4) H(81W)- 0(8W)-H(82W) 114(4) 
11(91W)- 0(9W)-H(92W) 117(4) 
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N-acetyl-Tryptophan bond lengths in A from 6.2 
C(31) - C(32) 	1.395(10) 	C(31) - C(36) 	1.415(10) 
C(31) - C(38) 1.451(9) C(32) - C(33) 1.378(11) 
C(33) - C(34) 	1.420(13) 	C(34) - C(35) 	1.365(13) 
C(35) - C(36) 1.397(11) C(36) - N(31) 1.367(9) 
- C(38) 	1.352(9) 	C(37) - N(31) 	1.393(9) 
- C(39) 1.498(9) C(39) - C(40) 1.538(9) 
- C(41) 	1.533(9) 	C(40) - N(32) 	1.477(8) 
- 0(31) 1.262(8) C(41) - 0(32) 1.241(8) 
- C(43) 	1.497(11) 	C(42) - 0(33) 	1.239(9) 
C(42) - N(32) 1.346(9) 
N-acetyl-L-Tryptophan bond angles in ° from 6.2 
C(32)-C(31)-C(36) 	120.0(6) 	C(32)-C(31)-C(38) 	134.0(6) 
C(36)- C(3l)- C(38) 105.9(6) C(31)-C(32)-C(33) 118.6(7) 
C(32)-C(33)-C(34) 	120.4(8) 	C(33)-C(34)-C(35) 	121.9(8) 
C(34)-C(35)-C(36) 117.6(8) C(31)-C(36)-C(35) 121.3(7) 
C(31)-C(36)-N(31) 	108.7(6) 	C(35)-C(36)-N(31) 	130.1(7) 
C(38)-C(37)-N(31) 110.3(6) C(31)-C(38)-C(37) 107.0(6) 
C(31)-C(38)-C(39) 	125.9(6) 	C(37)-C(38)-C(39) 	127.1(6) 
C(38)-C(39)-C(40) 112.2(5) C(39)-C(40)-C(41) 113.1(5) 
C(39)-C(40)-N(32) 	108.3(5) 	C(4l)- C(40)- N(32) 	107.9(5) 
C(40)- C(4l)- 0(31) 117.0(5) C(40)-C(41)-0(32) 119.2(6) 
0(31)-C(41)-0(32) 	123.6(6) 	C(43)-C(42)-0(33) 	122.6(7) 
C(43)-C(42)-N(32) 115.1(6) 0(33)-C(42)-N(32) 122.3(6) 
C(36)- N(31)- C(37) 	108.1(6) 	C(40)- N(32)- C(42) 	121.0(5) 
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N-ace tyl-L-Tryptophan 





C(38)- C(31)- C(36)- N(31) 
C(32)-C(31)-C(38)-C(37) 












C(38)- C(37)- N(31)- C(36) 










C(43)- C(42)- N(32)- C(40) 
0(33)-C(42)-N(32)-C(40)  

































Water bond lengths and angles from 6.2 
	
0(1W) -H(11W) 	1.08(7) H(21W) - 0(2W) 	1.08(7) 
0(2W) - H(22W) 1.09(7) 	0(3W) - H(31W) 1.09(6) 
0(3W) - H(32W) 	1.09(6) 0(4WA).- H(41W) 	1.08(9) 
0(4WA) - H(42W) 1.07(9) 	0(5W) - H(51W) 1.04(8) 
0(5W) - H(52W) 	1.04(7) 
H(21W)- 0(2W)-H(22W) 	116(5) H(31W)- 0(3W)-H(32W) 	115(4) 
H(41W)-0(4WA)-H(42W) 121(7) H(51W)- 0(5W)-H(52W) 144(6) 
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CCDB refcodes used in comparison to structure 6.1 
AMBZGU1O ARGGLU10 BALGLH BCYTGA BELCTJG 
BUFZOL BUDXUT BURLOP CADVIJY CAGLCL10 
CAGLUT10 CAXNIJK CEFGOJ CIJGUX CTBGLU 
DLGLAC GLUGLY LGLUAC LGLUACO2 LGLUAC03 
LGLUAC1I LGLUCA LGLUTA LGPYRG MGHPHE20 
CCDB refcodes used in comparison to structure 6.2 
ACLTRY ACTRCU AECEIN ATRYMA BUBFIJZ 
CEHDIC CGLYTP DLTRPE GASTRN10 GLTRDH 
GLTYCTJ10 ILAMYC MATRYP MCPATR QQQBTPO1 
TPTPCM TRPHGA TRYPTE TRYPTC TRYPTD10 
TRYPYD10 TRYPTD10 
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Intermolecular contacts from structure 6.1 
Intermolecular C -c distances less than 3.6A 
C(15') - 	 C(30) (X ,Y ,-i 	+Z 	) 3.442(10) 
C(5) - C(22') (1 -x ,1/2+Y 	,l -z 	) 3.520(9) 
 - 	 C(35) (X ,Y ,-1 	+Z 	) 3.522(9) 
C(17) - 	 C(32) (X ,Y ,-1 	+Z 	) 3.536(12) 
C(22) - 	 C(S') (1 -x ,1/2+Y 	,i -z 	) 3.538(9) 
 - 	 C(30) (X ,Y ,-i 	+Z 	) 3.549(10) 
C(15) - 	 C(30) (X ,Y 1 -1 	+Z 	) 3.570(9) 
C(17) - 	 C(33) (X ,Y ,-i 	+Z 	) 3.574(10) 
C(3) - 	 C(3') (1 -X ,1/2+Y 	,1 -z 	) 3.582(8) 
Intermolecular C -H distances less than 2.8A 
C(42) - H(2N') (-1 +X ,Y 	,Z ) 2.335(9) 
C(39) - 	 H(2N) (X ,Y ,l 	+Z 	) 2.349(8) 
C(37) - 11(12W) (2 -X ,-1/2+Y ,1 -z 	) 2.39(5) 
C(39) - H(22W) (1 -X ,-1/2+Y ,i -z 	) 2.49(5) 
C(35) - 	 11(154) (X ,Y ,1 	+Z 	) 2.639(9) 
C(30) - 	 11(154) (X ,Y ,1 	+Z 	) 2.641(10) 
C(39). - 11(82W) (1 -X ,-1/2+Y ,1 -z 	) 2.70(5) 
C(42) - 11(52W) (1 -X ,-1/2+Y ,i -z 	) 2.72(5) 
 - 	 11(171) (X ,Y ,1 	+Z 	) 2.721(10) 
C(42) - 11(71W) (X ,Y ,Z 	) 2.72(5) 
 - 11(171) (X ,Y ,1 	+Z 	) 2.749(9) 
C(5') - 	 11(201) (2 -X ,-1/2+Y ,1 -z 	) 2.755(8) 
C(S) - H(226) (1 -X ,1/2+Y ,1 -z 	) 2.757(9) 
C(22) - 	 11(103) (1 -X ,1/2+Y ,-Z ) 2.762(10) 
C(S') - 	 11(223) (1 -X ,-1/2+Y ,l -z 	) 2.763(9) 
C(36) - 	 11(21W) (2 -X ,-1/2+Y ,1 -z 	) 2.77(5) 
C(40) - 11(52W) (1 -X ,-1/2+Y ,l -z 	) 2.77(5) 
C(4') - H(201) (2 -X ,-1/2+Y ,i -z 	) 2.787(8) 
C(21) - H(32W) (X ,Y ,Z 	) 2.79(5) 
 - 	 11(122) (1 -X ,-1/2+Y ,1 -z 	) 2.793(9) 
Intermolecular .0 -N distances less than 3.6A 
C(39) - N(2) 
	
(X ,Y ,l +Z 
	
3.303(8) 
C(42) - N(2') (-1 +X ,Y ,Z 3.368(9) 
- N(l) 
	




Intermolecular C -o distances less than 3.4A 
C(15) 	- 0(34) (X ,Y ,-1 +Z ) 3.073(7) 
- 0(35) (1 +X ,Y 	,Z 	) 3.097(9) 
 - 0(10W) (1 +X ,Y 	,Z 	) 3.16(3) 
C(42) - 0(10W) (X ,Y ,Z 	) 3.18(3) 
C(36) - 	 0(2W) (2 -X ,-1/2+Y ,l 	-Z 	) 3.253(9) 
C(10) - 	 0(32) (X ,Y ,-1 +Z ) 3.257(7) 
C(23) - 	 0(2) (-1 +X ,Y 	,-1 +Z 	) 3.282(9) 
C(15') - 	 0(35) (1 +X ,Y 	,Z 	) 3.294(9) 
C(23') - 	 0(2') (1 +X ,Y 	,l +Z ) 3.343(8) 
C(17') - 	 0(4W) (1 -X ,-1/2+Y ,-Z 	) 3.345(9) 
C(21') - 	 0(1) (1 -X ,-1/2+Y ,i 	-z 	) 3.355(7) 
C(21) - 	 0(1') (1 -X ,1/2+Y ,i 	-z 	) 3.359(7) 
C(15') - 	 0(36) (1 +X ,Y 	,Z 	) 3.359(10) 
C(10') - 	 0(6W) (2 -X ,-1/2+Y ,-Z 	) 3.375(9) 
C(14') - 	 0(1) (1 -X ,-1/2+Y ,i 	-z 	) 3.384(7) 
C(10) - 	 0(3') (2 -X ,1/2+1' ,i 	-z 	) 3.389(7) 
C(36) - 	 0(1W) (2 -X• ,-1/2+Y ,i 	-z 	) 3.389(9) 
Intermolecular H -N distances less than 2.8A 
	
H(32) - N(31) 	(X ,Y ,1 +Z ) 
11(72W) - N(31) (X ,Y ,-1 +Z 
2.713(11)  
2.75(5) 
Intermolecular H -O distances less than 2.6A 
11(91W) - 	 0(2W) (X ,Y ,Z 	) 1.62(5) 
H(2N) - 	 0(34) (X ,Y ,-1 +Z ) 1.640(6) 
11(11W) - 	 0(8W) (X ,Y ,Z 	) 1.67(5) 
11(51W) - 	 0(6W) (X ,Y ,Z 	) 1.67(5) 
11(82W) - 	 0(33) (1 -x ,1/2+Y ,l 	-z 	) 1.69(5) 
H(2N') - 	 0(35) (1 +X ,Y 	,Z 	) 1.701(8) 
11(31W) - 	 0(5W) (X ,Y ,Z 	) 1.73(5) 
11(71W) - 	 0(36) (X ,Y ,Z 	) 1.74(5) 
11(21W) - 	 0(1W) (X ,Y ,Z 	) 1.76(5) 
11(41W) - 	 0(3W) (X ,Y ,Z 	) 1.77(5) 
11(61W) - 	 0(9W) (X ,Y ,Z 	) 1.77(5) 
11(81W) - 	 0(1') (X ,1 +Y 	,Z 	) 1.77(5) 
H(32W) - 	 0(1) (X ,Y ,Z 	) 1.78(5) 
11(62W) - 	 0(7W) (1 -X ,1/2+Y ,-Z 	) 1.81(5) 
11(52W) - 	 0(35) (1 -X ,1/2+Y ,1 -z 	) 1.83(5) 
11(12W) - 	 0(32) (2 -X ,1/2+Y ,1 -z 	) 1.91(5) 
11(42W) - 	 0(9W) (-1 +X ,Y 	,Z ) 1.94(5) 
11(72W) - 	 0(34) (X ,Y ,-1 +Z ) 2.05(5) 
11(22W) - 	 0(34) (1 -X ,1/2+Y ,1 	-z 	) 2.12(5) 
H(31N) - 	 0(4W) (1 -X ,-1/2+Y ,1 	-z 	) 2.130(7) 
11(92W) - 	 0(35) (1 -X ,1/2+Y ,1 	-Z 	) 2.16(6) 
11(132) - 0(10W) (X ,Y ,Z 	) 2.36(3) 
11(104) - 0(10W) (1 +X ,Y 	,Z 	) 2.38(3) 
11(172) - 	 0(4W) (1. -X ,-1/2+Y,-Z ) 2.393(9) 
H(2N') - 	 0(36) (1 +X ,Y 	,Z 	) 2.425(9) 
11(131) - 	 0(33) (X ,Y ,Z 	) 2.433(7) 
11(101) - 	 0(3') (2 -X ,1/2+Y ,l 	-Z 	) 2.438(7) 
11(111) - 	 0(4') (2 -X ,1/2+Y ,1 	-Z 	) 2.449(7) 
11(142) - 	 0(1) (1 -X ,-1/2+Y ,1 	-a 	). 2.449(7) 
11(52) - 	 0(5W) (2 -X ,-1/2+Y ,1 	-Z 	) 2.455(8) 
11(92) - 	 0(5W) (2 -X ,-1/2+Y ,i 	-z 	) 2.494(8) 
11(102) - 	 0(32) (X ,Y ,-i. 	+Z ) 2.499(7) 
11(91) - 	 0(1W) (1 -X ,-1/2+Y ,-Z 	) 2.514(8) 
11(113) - 	 0(4) (1 -X ,-1/2+Y ,-Z 	) 2.523(7) 
11(231) - 	 0(2) (-1 +X ,Y 	1 -1 +Z 	) 2.531(9) 
11(182) - 	 0(33) (X ,Y ,Z 	) 2.534(8) 
11(362) - 	 0(1W) (2 -X ,-1/2+Y ,1 	-Z 	) 2.585(9) 
11(221) - 	 0(6W) (-1 +X ,Y 	,Z ) 2.586(9) 
11(184) - 0(10W) (X ,Y ,Z 	) 2.59(3) 
Intermolecular N -0 distances less than 3.4A 
N(2) - 	 0(34) (X ,Y ,-1 	+Z 	) 2.662(6) 
N(2:') - 	 0(35) (1 +X ,Y 	,Z 	) 2.666(8) 
N(31) - 	 0(4W) (1 -X •,-1/2+Y 	,1 	-Z 	) 2.983(7) 
N(l') - 	 0(4) (1 -X ,-1/2+Y 	,-Z 	) 3.272(6) 
N(1). - 	 0(4') (2 -x ,1/2+Y 	,1 -z 	) 3.317(6) 
N(2') - 	 0(36) (1 +X ,Y 	,Z 	) 3.323(9) 
N(2') - 0(10W) (1 +X ,Y 	,Z 	) 3.38(3) 
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Intermolecular 0 -o distances less than 3.2A 
0(2W) - 	 0(9W) (X ,Y ,Z 	) 2.680(9) 
0(3W) - 	 0(5W) (X ,Y ,Z 	) 2.689(9) 
0(1W) - 	 0(8W) (X ,Y ,Z 	) 2.712(9) 
0(5W) - 	 0(6W) (X ,Y ,Z 	) 2.748(8) 
0(34) - 	 0(2W) (1 -x ,-1/2+Y ,l 	-Z 	) 2.751(7) 
0(6W) - 	 0(7W) (1 -x ,1/2+Y ,-Z 	) 2.760(9) 
0(35) - 	 0(5W) (1 -x ,-1/2+Y ,l 	-Z 	) 2.770(9) 
0(33) - 	 0(8W) (1 -x ,-1/2+Y ,l 	-Z 	) 2.773(9) 
0(3W) - 	 0(4W) (X ,Y ,Z 	) 2.798(9) 
0(1) - 	 0(3W) (X ,Y ,Z 	) 2.806(8) 
0(1') - 	 0(8W) (X ,-i +Y 	,Z ) 2.806(8) 
0(1W) - 	 0(2W) (X ,Y ,Z 	) 2.807(9) 
0(36) - 	 0(7W) (X ,Y ,Z 	) 2.824(9) 
0(6W) - 	 0(9W) (X ,Y ,Z 	) 2.838(9) 
0(34) - 	 0(7W) (X ,Y ,1 	+Z 	) 2.912(7) 
0(32) - 	 0(1W) (2 -x ,-1/2+Y ,1 	-Z 	) 2.921(7) 
0(3W) - 0(10W) (1 -X ,1/2+Y ,i 	-Z 	) 2.96(3) 
0(4W) - 	 0(9W) (-1 +X ,Y 	,Z ) 2.957(9) 
0(35) - 0(10W) (X ,Y ,Z 	) 3.10(3) 
0(35) - 	 0(9W) (1 -X ,-1/2+Y ,1 	-Z 	) 3.181(10) 
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Intermolecular contacts from structure 6.2 
Intermolecular C -c distances less than 3.6A 
C(17) - 	 C(37) 
 - 	 C(3') 
C(22) - 	 C(5') 
 - C(21') 
C(18) - 	 C(37) 
C(5) - 	C(22') 
C(15) - 	 C(32) 
C(5) - 	C(21') 
C(4) - 	 C(3') 
 - 	 C(42) 
 - 	 C(42) 
C(21) - 	 C(5') 
C(17) - 	 C(22') 
C(21) - C(21') 
C(21) - 	C(4') 
(-X ,-1/2+Y ,1 -z 
(X ,Y ,Z 
(X ,Y ,Z 
(X ,Y ,-1 +Z 
(-X ,-1/2+Y ,l -z 
(X ,Y ,Z 
(-X ,-1/2+Y ,-Z 
(X ,Y ,-1 +Z 
(X ,Y ,Z 
(-1 +X ,Y ,Z 
(-1 +X ,Y ,Z 
(1 +X ,Y ,Z 
(1 +X ,Y ,Z 
(X ,Y ,Z 
















Intermolecular C -H distances less than 2.8A 
C(9') - H(31W) 
C(lO') - 11(31W) 
C(41) - 	 H(2N) 
C(32) - 	 11(151) 
C(22) - 	 11(622) 
C(6') - 	 11(223) 
C(37) - 	 11(621) 
C(12) - 	 H(34) 
C(20') - 	 11(731) 
C(20) - H(231) 
C(33) - 	 11(432) 
C(15') - 11(31W) 
C(38) - 	 11(621) 
C(5) - 	 11(723) 
C(33) - H(lSl) 
C(S') - 	 11(223) 
C(40) - 	 H(2N) 
C(37) - 	 11(651) 
C(42) - H(41W) 
(-1 +X ,Y ,Z 
(-1 +X ,Y ,Z 
(-X ,1/2+Y ,-Z 
(-X ,1/2+Y ,-z 
(X ,Y ,Z 
(X ,Y ,Z 
(X ,Y ,Z 
(-1 -x ,-1/2+Y ,-z 
(1 +X ,Y ,l +Z 
(1 +X ,Y ,l +Z 
(-1 +X ,Y ,Z 
(-1 +X ,Y ,Z 
(X ,Y ,Z 
(X ,Y ,Z 
(-X ,1/2+Y ,-z 
(X ,Y ,Z 
(-X ,1/2+Y ,-z 
(X ,Y ,Z 




















Intermolecular C - distances less than 3.6A 
C(18) 	- N(31) (-X ,-1/2+Y 	,1 -z 	) 3.182(10) 
C(17) 	- N(31) (-X ,-1/2+Y 	,l -z 	) 3.299(9) 
C(4) - N(1') (X. ,Y 	,-1 	+Z 	) 3.522(8) 
C(23) 	-, N(V) (X ,Y 	,-1 	+Z 	) 3.548(9) 
C(4') 	- N(1) (-1 +X 	,Y 	,Z 	) 3.574(7) 
C(23') 	- N(1) (-1 +X 	,Y 	,Z 	) 3.575(9) 
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C(lO) 	- 0(31) (-X ,-1/2+Y 	,-Z 
C(21) 	- 0(1') (X ,Y 	,Z 
C(21') 	- 0(1) (X ,Y 	,Z 
C(23) 	- 0(2) (-1 +X 	,Y 	,-1 +Z 
C(20') 	- 0(1) (X ,Y 	,Z 
C(9) - 0(31) (-X ,-1/2+Y 	,-Z 
C(4') 	- 0(3) (X ,Y 	,Z 
C(4) - 0(3') (X ,Y 	,Z 
C(9') 	- 0(3W) (-1 +X 	,Y 	,Z 
C(20) 	- 0(1') (X ,Y 	,Z 
C(11) 	- 0(4') (1 +X 	,Y 	,Z 
C(8) - 0(4') (1 +X 	,Y 	,Z 
Intermolecular H -N distances less than 2.8A 
H(31W) - N(2') 	(1 +X ,Y ,Z ) 
H(181) - N(31) (-X ,-1/2+Y ,l -z 
Intermolecular H -0 distances less than 2.6A 
H(2N) - 	 0(31) (-X ,-1/2+Y 	,-Z 
H(32W) - 0(4WA) (X ,Y 	,Z 
H(11W) - 	 0(1') (-X ,1/2+Y 	,l -z 
H(31N) - 	 0(2W) (-X ,1/2+Y 	,l -z 
H(22W) - 	 0(1W) (1 -X ,-1/2+Y ,l -z 
H(32W) - 0(4WB) (X ,Y 	,Z 
H(32N) - 	 0(3W) (X ,Y 	,Z 
H(21W) - 	 0(32) (1 -X 	,-1/2+Y ,l -z 
H(41W) - 	 0(33) (X ,Y 	,1 	+Z 
H(111) - 	 0(4') (1 +X 	,Y 	,Z 
11(152) - 	 0(33) (-X ,-1/2+Y 	,-Z 
H(42W) - 	 0(32) (X ,Y 	,Z 
H(612) - 	 0(4) (X ,Y 	,1 	+Z 
11(13) - 	 0(32) (-X ,-1/2+Y 	,l -z 
11(391) - 0(4WA) (X ,Y 	,Z 
11(101) - 	 0(3') (1 +X 	,Y 	,Z 
11(58) - 	 0(3) (X ,Y 	,l 	+Z 
H(231) - 	 0(2) (-1 +X 	,Y 	,-i +Z 
11(21W) - 0(4WB) (1 -X 	,-1/2+Y ,1 -z 
Intermolecular N -0 distances less than 3.4A 
N(2) 	- 0(31) 
N(2') 	- 0(3W) 
- 0(2W) 
- 0(3W) 
N(l') 	- 0(4) 
N(l) - 0(4') 
(-X ,-1/2+Y ,-z ) 
(-1 +X ,Y ,Z 
(-X ,1/2+Y ,l -z ) 
(X ,Y ,Z ) 
(X ,Y ,l +z ) 
(1 +X ,Y ,Z 









































Intermolecular 0 -o distances less than 3.2A 
,i -z 
I l - z ) 
,1 -z 
0(32) - 0(4WB) 
0(33) - 0(4WB) 
0(33) - 0(4WA) 
0(32) - 0(4WA) 
0(3W) - 0(4WB) 
0(3W) - 0(4WA) 
0(31) - 	 0(1W) 
0(1W) - 	 0(2W) 
0(1') - 	 0(1W) 
0(1) - 	 0(5W) 
0(3W) - 	 0(5W) 
0(32) - 	 0(2W) 
(X ,Y ,Z 
(X ,Y ,-1 +Z 
(X ,Y ,-1 +Z 
(X ,Y ,Z 
(X ,Y ,Z 
(X ,Y ,Z 
(X ,Y ,Z 
(1 -x ,1/2+Y 
(-X ,-1/2+Y 
(X ,Y ,Z 
(X ,Y ,Z 















EXCEPTIONAL BRUCINE SALTS 
This chapter deals with three brucine salts which can be considered 
exceptional to the other brucine salts in this thesis and other brucine 
structures determined elsewhere 5 ' 16 ' 17. Two of these salts, the 
CBZ-L-alanyl-L-alanine and the CBZ-L-phenylalanine represent a radical change 
from all the previously identified brucine packing modes, while the third a salt 
with CBZ-L-valine, is so grossly disordered as to be almost useless for packing 
analysis. 
7.1. Brucine CBZ-L-Alanine-L-alanine salt 
This crystal was grown from a 1:1 mixture of N-CBZ-L-alanyl-L-alanine and 
brucine disolved in a 90% ethanol/water mixture. The crystal data are given 
below 
C23H27N204 4 .C14H17N205 	M673.70 space group P212121 
a =17.972(3) b =12.766(4) C =)14.560(4) A 
U=3340.5 3Z=4 D =1.37 g cm-3 T= 293 K 
Mo-Ku radiation, X x = 0.71069 A 11 = 0.92 cm , F(000) = 1464 
The crystal was multifaceted and approximately equant with an edge of 0.4 
mm. Oscillation and Weissenberg photographs gave an approximate unit cell 
and showed the space group to be P2 1 2 1 2 1 or P2 1 2 1 2. The data were collected 
on a Nonius CAD-4 four circle diffractometer using graphite monochromated 
MoKa radiation. 12 reflections with a between 9.54 0 and 9.97 were used to 
refine the cell dimensions. Data were collected to a 9 maximum of 25 ° (h0 21 
k=0 15 1=0 17), giving 3274 unique data of which 1400 had 1<2(l). The 
intensity of[reflection was monitored during data collection and no crystal 
decay was apparent. 
The structure was solved by automatic Patterson search 52  using a 
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strychnine molecule as the search fragment. In the Fourier map calculated 
using the phases derived 51  from this positioned strychnine, it was possible to 
pick Out the brucinium ion and most of the N-CBZ-L-alanyl-L-alanine, the 
missing atoms being the terminal acid oxygens and the methyl carbon on the 
terminal alanine. These atoms were input to the refinement program 55 and 
gave an initial R-factor of 0.28, with the acid function oxygens appearing in the 
first difference Fourier map. After one cycle of least squares the atomic 
positions had refined sufficiently to allow the missing methyl carbon to appear 
in a difference Fourier map. This model was refined with each atom having a 
single isotropic thermal parameter, and refinement converged with.R at 0.0954. 
All the hydrogens were added in calculated positions with fixed isotropic 
thermal parameters, and constrained to ride - positionally with their parent 
atoms, and the model refined to an R of 0.0804. All non hydrogens were then 
allowed to refine with six anisotropic thermal parameters, and the data 
weighted according to the scheme 
W= 1 /{(Y 2(F)+0.003F 2 } 
which gave the most even distribution of variance in ranges of sin(e) and 
abs(F). In the final cycle of least squares 452 parameters were refined in two 
blocks using 1811 data. The largest shift over esd in the final cycle was 0.020 
with an average for all parameters of less than 0.01. In the final difference 
Fourier map, the largest peak was 0.203eA 3 and the deepest trough 0.208 eA 3 . 
The final R-factor was 0.0518 with Rw of 0.0561. 
Brucine geometry 
The brucine in this structure is very slightly different from the majority of 
brucine ions examined in previous structures. The bond lengths in the aromatic 
ring are not equal with the bond length C(1)-C(6) shorter than normal at 
MA 
1.348(9)A while C(l)-C(2) and C(3)-C(4) are longer than usual at 1.425(9) and 
1.428(9)A respectively. The ring angles at C(2) and C(5) are narrower than the 
others in the ring, but not exceptionally different from the values seen in 
previous structures, with C(1)-C(2)-C(3) at 116.7(6) 0 and C(4)-C(5)-C(6) at 
117.1(6) 0. The differences around theamine nitrogen seen in the majority of 
other brucine ions are not present in this structure, these bond lengths being 
	
C(9)-N(2) 1.503(8) 	C(10)-N(2) 1.500(8) 	C(15)-N(2) 1.503(9)A. 
There is also a significant shortening of the bond C(10)-C(11) at 1.472(9)A 
compared with structure 3.3 in which this bond length is 1.523(6)A in one 
brucine and 1.525(7)A in the other. The ring angle at C(20) is the widest seen 
so far at 120.2(6) 0 with the ring angle at the neighbouring sp 2 carbon C(21) at 
116.9(6) °, and the flexible torsion angle in that ring C(19)-C(20)-C(21)-N(1) is 
somewhat narrower than usual at -28.3(9) ° The methoxy groups are 
asymmetrically attached as usual with C-C-O angles of 
C(2)-C(3)-0(3) 	124.6(6) 	C(4)-C(3)-0(3) 	114.3 (5) ° 
C(5)-C(4)-0(4) 124.4(6) C(3)-C(4)-0(4) 115.0(5) 




C(5)-C(4)-0(4)-C(23) 	6.6(9) 0 
N-CBZ-L-Alanyl-L-Alanine geometry 
The CBZ-L-alanyl-L-alanine has no exceptional bond lengths or angles, and 
its numbering scheme and conformation are shown in figure 7.1a. 
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Fig. 7.la 
There is a large difference in the C-0 bond lengths in the acid function, with 
C(14')-0(4') at 1.208(9)A and C(14')-0(5') at 1.279(9)A, indicating a strong 
hydrogen bond to 0(5'). The two alanine residues have roughly similar bond 
lengths, 
C(9')-C(lO) 1.5(13) C(12)-C(13') 1.535(12)A 
C(9')-N(l') 1.439(10) C(12)-N(2') 1.423(9) 
C(9')-C(II - ) 1.552(11) C(12)-C(14) 1.521(10) 
but a different distribution of angles about C. 
C(11 	)-C(9' )-C(10') 109.3(7) C(14' )-C(12' )-C(13') 	108.3(6) 0 
C(11)-C(9')-N(1') 109.6(6) C(14)-C(12')-N(2') 112.7(6) 
C(10')-C(9')-N(1) 109.2(7) C(13')-C(12')-N(2') 110.4(6) 
The two residues have broadly similar conformations with the methyl group 
approximately trans to the amide group in each case, and the amide group 
twisted with respect to the oxygen of the next amide group or acid function. 
C(10' )-C(9' )-N(1' )-C(8' ) 153.3(8) ° 
C(13' )-C(12' )-(i2' )-C(11' ) 158.7(7) 
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N(1' )-C(9' )-C(11' )-O(3' ) -45.8(10) 
N(2')-C(12')-C(14')-0(4') 	-25.0(10) 
The general conformation is of two all trans chains, C(7')-C(10') and C(9')-C(13'). 
The two chains connect at C(9') with torsion angles C(8')-N(1')-C(9')-C(11') at 
-87.0(8) ° and N(1')-C(9')-C(11')-N(2') at 135.5(7) 0 The terminal acid group and 
phenyl rings are attached in a similar manner, approximately perpendicular to 
the plane of the relavent trans chain, C(1 1')-N(2')-C(1 2')-C(14') at -80.0(9) 0 and 
C(6')-C(7')-0(1')-C(8') -90.5(8) 0. The phenyl ring is close to being in the same 
plane as the atoms C(6'),C(7') and 0(1') with C(5')-C(6')-C(7')-0(1') at -21.4(10) ° . 
Hydrogen Bonding 
There is no water of crystallisation in this crystal, and so the amount of 
hydrgen bonding is relatively simple, with only two hydrogen bonds in the 
structure (a packing diagram is-shown in fig. 7.1b). The first Hydrogen bond is 
the normal, in this case strong, salt bridge N(2)..0(5') at 2.569(7)A with 
H(2N)..0(5') at 1.528A and a N-H..0 angle of 159.9 °. The second hydrogen bond 
is far weaker and forms between the alkaloid amide and one of the dipeptide 
amide groups, with N(2')..0(1) at 3.007(7)A, H(2N')..0(1) at 1.954A and an N-H..0 
- 
angle of 164.1 
0' / 
Other non-bonded interactions 
The outstanding non-bonded interaction in this structure is an 0..0 contact, 
between a methoxy oxygen and the ester type oxygen link in the carboxybenzyl 
group. This contact 0(4)..0(1') at 3.009(6)A would be the correct distance for a 
very weak hydrogen bond, except that neither oxygen atom has a proton to 
donate into the hydrogen bond. Two of the shortest four C..0 contacts are also 
associated with this contact, and these contacts are C(4)..0(1') at 3.075(8)A and 
C(23)-0(1') at 3.242(8)A, the methyl group hydrogens were refined in a fixed 
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Fig. 7.1b Packing diagram of 7.1 
b axis p:ojectiofl 
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staggered conformation and so little significance can be assigned to the 
accompanying H..O distance of H(232)..0(1') at 2.587A. Of the other short, less 
then 3.2A, C..O distances, one C(10)..0(5') can be attributed to proximity to a 
hydrogen bond, but the other C(13)..0(2') cannot. This contact has C(13)..0(2') at 
3.182(8)A and an accompaning H..O distance of 2.425 and a C-H..O angle of 
125.90, making it implausible as a carbon donor hydrogen bond 81 . The shortest 
C..0 contact is between the vinyl group of one brucinium ion and the aromatic 
ring of another: C(3)..C(17) at 3.537(9)A, with the phenyl ring of the dipeptide 
making the second shortest C..0 contact: C(4')-C(5') at 3.597(11)A. 
Packing 
As can be seen in the c -axis projection (fig 7.1c), the brucine wedge 
packing motif is retained in this structure, but only between pairs of brucines. 
This means that the weak interactions which lead to the stacking of brucine 
ribbons seen in previous structures, have been overcome. The corrugated 
ribbon has a longer 'pitch' than in the other structures being 14.56A in this 
structure, and more usually 12.5A. The two hydrogen bonds in the structure 
link the dipeptideto the same ribbon, while the short 0..0 non-bonded contact 
occurs between the dipeptide and a different brucine ribbon. The size of the 
dipeptide means that it would have some trouble fitting into the standard 
brucine packing types, and its flexibility would allow it to adopt a conformation 
where it can provide a similar set of van der Waal's contacts to the ribbon as 
might be found in the ribbon stacking. This is supported by a higher than usual 
amount of alkaloid-peptide contact with 17 of the 30 shortest C-C 
intermolecular contacts being of this sort, while eight are dipeptide-dipeptide 
contacts and only five alkaloid-alkaloid contacts. 
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C axis projection 
'I 'A 
Fig. 7.1c 	Packing diagram of 7.1 
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7.2. Brucine CBZ-L-Phenylalanine 
These crystals were grown from a 1:1 mixture of CBZ-L-phenylalanine and 
brucine disolvéd in 96% ethanol/water mixture: Good crystals were also 
obtained from several other solvent combinations. The crystal data are given 
below. 
C23H27N204.C17H16N104.H20 M=711.77 space group P212121 
a =17.587(5) 	b =18.722(5) 	C =10.725 A 
U =3531.03 Z =4 0 =1.34 g CM-3 T = 293 K 
Mo-Ku radiation, X x = 0.71069 A '.i = 0.89 cm-1 , F(000) = 1512 
The crystal was a needle of dimensions 0.30.160.12 mm. Oscillation and 
Weisseriberg photographs gave the initial cell dimensions and showed the 
space group to be P2 1 2 1 2 or P2 1 2 1 2 1 . The data were collected on a Stoe 
Stadi-2 two circle diffractometer using grapite monochromated MoK radiation. 
The a and b axes were refined 48  using 12 zero level reflections with e between 
4.63 and 9.27 0. A check was made along the mounting axis and the axial 
reflections with I odd were absent, showng the space group to be P2 1 2 1 2 1 . 
Data were collected to a e maximum of 25 0 (h=0 20, k=0 22, 1=0 11), giving 
3338 unique data of which 1357 had 1<2a(l);. The intensity of one reflection 
was measured after each layer of data had been collected and no crystal decay 
was apparent. An attempt was made to solve the structure using automated 
Patterson search methods 52, but this was unsuccessful, probably due to a 
failure in the translation function 54 . The crystal structure was solved using the 
direct methods routine of the SHELXS-84 50 program. This gave a Fourier map 
in which the entire brucinium ion and all except one atom in a phenyl ring of 
the CBZ-L-phenylalanine ion could be found. There was also one strong peak 
unconnected to the other ions, and this was assigned as a water molecule. 
These atoms were input to the refinement program 55  and gave an initial 
R-factor of 0.19. The final atom in the phenyl ring was found in the first Fourier 
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difference map, and the structure was refined with each atom having an 
isotropic thermal parameter to convergence at an R of 0.106. Hydrogens were 
added to the brucine and CBZ-L-phenylalanine in calculated positions, with 
fixed isotropic thermal parameters, and constrained to ride positionally with 
their parent atom. The hydrogens of the water molecule were located in 
difference maps and refined with constrained H-O distances. All non-hydrogen 
atoms were then refined with anisotropic thermal parameters, and the data 
were weighted according to the scheme 
W= 1 /(a 2(F)+0.00034F 2 }, 
which 9ke  the most even distribution of variance in ranges of sin(e) and abs(F). 
In the final cycle of least squares, 485 parameters were refined in two blocks 
using 1979 data. The largest shift over esd was 0.34 on a hydrogen positional 
parameter and 0.161 on a non-hydrogen parameter, with an average for all 
parameters of less than 0.05. The largest peak in the final difference map was 
0.24 eA 3 and the deepest trough 0.29eA 3 . The final R factor was 0.0624 with 
an Rw  of 0.0557. 
Brucine geometry 
The brucine in this structure has a reasonably standard geometry, with the 
differing bond lengths around the amine nitrogen identified in the majority of 
brucine ions. 
C(9)-N(2) 	1.539(9) 	C(10)-N(2) 	1.514(9) 	C(15)-N(2) 	1.516(9) 
The aromatic ring angles at C(2) and C(5) are slightly narrower than the others 
in the ring, but there is no difference between them, with C(1)-C(2)-C(3) at 
116.8(6) 0 and C(4)-C(5)-C(6) at 117.0(6) °. As seen in previous brucine ions the 
methoxy groups are asymmetrically attached to the phenyl ring, with C-C-O 
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Angles of 
C(2)-C(3)-0(3) 	123.2(6) 	C(4)-C(3)-0(3) 	115.4(6) 0 
C(5)-C(4)-0(4) 123.3(6) C(3)-C(4)-0(4) 115 . 8 ( 8), 
and similarly to several previous, structures it is the methoxy group C(23) that 
is twisted furthest out of the plane of the aromatic ring, with 
C(23)-0(4)-C(4)-C(5) at 16.8(9) 0 one of the larger twists observed, while 
C(22)-0(3)-C(3)-C(2) is only -1.6(9) 0. In the flexible amide containing ring the 
angle at C(20) is, as usual, wider than that at the neighbouring sp 2 carbon 
C(21), with C(19)-C(20)-C(21) at 117.4(6) 0 and C(20)-C(21)-N(1) at 116.1(6) 0 . The 
flexible torsion in this ring C(19)-C(20)-C(21)-N(1) is -33.3(9) 0 with 
C(1)-N(1)-C(21)-0(1) at -27.4(1 1) which is at the wider end of the range of 
values seen in previous structures. 
CBZ-L-Phenylalanine geometry 











The bond lengths in this CBZ-L-phenylalinate ion are within the ranges 
expected for each type of bond, and there are no anomalies present in the 
angles of the two phenyl rings. The two C-O bond lengths in the terminal acid 
function -are equal with C(9')-0(1') at 1.245(10)A and C(9')-0(2') at 1.263(10)A 
The wide angle observed at CB  in structure 5.1 is also present in this structure 
with C(6')-C(7')-C(8') at 113.6(6) 0 . In most respects, the phenylalanine residue in 
this structure is very similar to that seen in 5.1, and the previously determined 
phenylalanine residues compared there. The conformation of this phenylalanine 
is similar to that in 5.1, with the torsion angle C(6')-C(7')-C(8')-C(9') -177.7(6) 0 , 
although the acid function js slightly more twisted out of the plane of the 
amide group, and the phenyl ring is less tipped to the C(7')-C(8') bond than 5.1. 
N(1' )C(8' )-C(9' )-O(2' ) -21.5(9) 	C(1 )-C(6' )-C(7 )-C(8' ) 109.6(7) 0 
The amide group and the attached N-protecting group has an all trans 
conformation between the atoms C(8') and C(11'), and the phenyl group of the 
carboxybenzyl is approximately at right angles to this trans chain tipped with 
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respect to the C(1 1')-0(4') bond. 
C(10')-0(4')-C(11')-C(12') 	100.7(7) ° 
C(13')-C(12')-C(11')-0(4') 45.0(9) 
Hydrogen Bonding 
There is only one water of crystallisation in this structure, and it forms 
hydrogen bonds to the amide function of the brucinium ion and to the acid 
function of the phenylalaninate ion, O(1W)..0(1) 2.848(8)A and O(1W)..O(1) at 
2.813(8)A. There is only one other hydrogen bond, and that is the salt bridge 
between the amine nitrogen of the brucine ion, and the carboxylic acid function 
of the phenylalaninate ion. This hydrogen bond has the geometry: 
N(2)..0(2') 2.585(7)A 	H(2N)..0(2') 1.513A N-H..O 171.3 0 
Other non-bonded interactions 
As in many of the previous structures, the shortest C..0 contact is between 
C(17), part of the brucinium ion vinyl group, and a carbon that is part of an 
aromatic ring, C(17)..C(6') at 3.330(10)A with an interplanar angle between the 
vinyl group and the ring of 31.10 0 . C(17) is also involved in the second closest 
C..0 contact, which is between two brucinium •ions and is C(17)..C(22) at 
3.396(10)A, with an associated short C..O contact C(17)..0(3) of 3.282(8)A. There 
are also short intermolecular contacts between the amino acid phenyl rings, 
with C(4')-C(17') at 3.506(11)A and with an interplanar angle between the two 
planes of 44.3 0. There is one other short C..O contact, and that is between an 
sp 3 carbon and the ester type oxygen of the N-protecting group C(12)..0(4') at 
3.224A, but neither of the hydrogens on C(12) point at the oxygen. As in the 
previous structure, there are a larger number of alkaloid to amino acid short 
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C..0 contacts than in most of the other structures. In this case, a comparison 
can be made to the more typical N-acetyl-D-phenylalaninate salt 5.1. There are 
11 C..0 contacts less than 3.8A in structure 5.1 and 22 in this structure. Of the 
11 contacts in 5.1, six(54%) are alkaloid-alkaloid contacts, compared with two 
out of 22(9%) in this structure, and this is coupled to a higher degree of 
alkaloid-amino acid contact in this structure, with 17 out of 22(77%) being of 
that type in this structure compared to only 3 out of 11(27%) in structure 5.1. 
General packing features 
The packing in this structure shows none of the features associated with all 
the previous structures, with not even a vestage of the corrugated brucine 
layers visible. The c axis projection shown in figure 7.2b shows what appears 
to be closely associated pairs of brucine and CBZ-L-phenylalaninate Jons, and a 
space filling diagram of one of these pairs is shown in fig 7.2c. Again the 
large size of this N protected amino acid seems to have played a major part in 
the loss of the brucine extended structure, with the CBZ-L-phenylalanine able 
to fold to fit well onto one surface of the brucine. This structure probably 
models brucine-receptor interactions best, with the minimum amount of 
brucine-brucine interaction, and it is interesting to note that studies of 
irreversible binding of strychnine to the glycine receptor 82, suggest that the 
strychnine binding site contains an aromatic side chain. 
7.3. Brucine CBZ-L-valine 
An original seed crystal for this material was grown from a 1:1 mixture of 
CBZ-L-valine dissolved in 96% ethanol/water mixture. Parts of this seed crystal 
were then used to seed a larger amount of mixture. After some experiment a 
good set of crystals was obtained from a 92% ethanol water mixture. The 
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Fig. 7.2b Packing diagram of 7.2 
c axis projection 
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Fig. 7.2c Two orthogonal views of the Brucine 
CBZ-L-phenylalanine unit. 
241 
C23H27ti204.C13H16N1O4 . xH2O M-.,:645.71 space group P212121 
a =21.06(2) 	b =28.30(2) 	C =11.742 A 
U=6998.28Z8 0 =1.23 g cm-3 T= 293 K 
Mo-Ku radiation, Xx= 0.71069 A .x = 0.81 cm 	, F(000) = 2752 
Data calculated with no water present. 
The crystal used for data collection was a rectangular block of dimensions 
0.6x0.5x0.4 mm. Initial oscilation and Weissenberg photography gave an 
approximate cell and showed the space group to be either P2 1 2 1 2 or P2 1 2 1 2 1 . 
These photographs also showed that the intensity of the reflections decreased 
rapidly with increasing e. In a later experiment racemic CBZ-valine was 
dissolved with brucine, using the method of Pope 46, and the crystals that 
resulted from that experiment had the same cell dimensions and a slightly 
greater amount of intensity decrease. Data were recorded on a Stoe Stadi-2 
two circle diffractometer using graphite monochromated MOK a  radiation. After 
manual alignment of the crystal, a check was made. on the presence or 
otherwise of the mounting axis (c) axial reflections and this showed the space 
group to be P2 1 2 1 2 1 . The a and b unit cell dimensions were refined. 
48 using 12 
zero level reflections with 8 between 5.83 and 13.46 0 . Because of the poor 
diffracting ability of the crystal it was only possible to collect data to a 8 of 
20 0  (h=0 25, k=0 33, 1=0 11) and of the 4706 unique data 2428 had 1<2a(I). 
This structure was very difficult to solve, with the usual Patterson rotation 
search 52  failing, and direct methods 50 also ineffective. After several months a 
solution was found using an alternative Patterson search technique 53 , which 
after tangent expansion 50 , gave a map in which the two independent brucines 
were visible. These were input to the refinement program 55 and gave an initial 
R-factor of 0.37. Several attempts were made to assign peaks found in 
difference maps as the CBZ-L-valines, but in all cases so far, the atoms failed 
to refine satisfactorily and the peaks became disconnected. The present state 
of refinement has both brucines refining as rigid groups with an isotropic 
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thermal parameter for each atom. The CBZ-L-valines have still not been 
satisfactorily modelled, and it would seem that the best way forward on this 
structure would be to fit the CBZ-L-Valine from the strychnine salt 4.1 to the 
electron density calculated from the present structure, using an interactive 
graphics approach as used in protein structure determination. The present R 
factor is 0.23, and no structural data for this structure are presented. It can be 
seen, however, in the packing diagram shown in fig 7.3a that the brucines are 
still formed into 'head to tail' ribbons with each stacked ribbon slightly 
misaligned from its neighbours. 
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Fig. 7.3a Packing diagram of 7.3 
axis projection 
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Brucine bond lengths in A from 
7.1 7.2 
C(l) 	- C(2) 1.425(9) 1.412(9) 
C(l) 	- C(6) 1.347(9) 1.360(9) 
C(l) 	- N(l) 1.404(8) 1.437(8) 
C(2) 	- C(3) 1.380(9) 1.383(10) 
C(3) 	- C(4) 1.429(9) 1.393(10) 
C(3) 	- 0(3) 1.359(8) 1.373(8) 
C(4) 	- C(5) 1.392(9) 1.407(10) 
-0(4) 1.383(8) 1.388(8) 
-  1.391(9) 1.387(9) 
C(6) 	- C(7) 1.512(8) 1.531(9) 
C(7) 	- C(8) 1.552(8) 1.573(9) 
C(7) 	- C(9) 1.553(9) 1.537(9) 
C(7) 	- C(11) 1.523(9) 1.545(9) 
C(8) 	- C(14) 1.532(9) 1.536(9) 
C(8) 	- N(l) 1.504(8) 1.495(8) 
C(9) 	- C(12) 1.534(9) 1.525(10) 
C(9) 	- N(2) 1.503(8) 1.539(9) 
C(10) 	- C(11) 1.473(9) 1.529(10) 
C(10) 	- N(2) 1.500(8) 1.514(9) 
C(12) 	- C(13) 1.539(9) 1.531(10) 
C(13) 	- C(14) 1.510(9) 1.544(9) 
C(13) 	- C(16) 1.513(9) 1.523(10) 
C(14) 	- C(19) 1.545(9) 1.532(10) 
-  1.515(10) 1.510(10) 
C(15) 	- N(2) 1.503(9) 1.516(9) 
C(16) 	- C(17) 1.341(10) 1.304(10) 
C(17) 	- C(18) 1.499(10), 1.501(11) 
C(18) 	- 0(2) 1.428(9) 1.450(9) 
-  1.518(10) 1.554(10) 
C(19) 	- 0(2) 1.410(8) 1.418(8) 
C(20) 	- C(21) 1.485(10) 1.517(10) 
C(21) 	- N(1) 1.370(9) 1.359(9) 
C(21) 	- 0(1) 1.218(8) 1.222(9) 
- 0(3) 1.413(9) 1.452(9) 
- 0(4) 1.394(8) 1.441(10) 
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Brucine bond angles in ° from 
7.1 7.2 
C(2) 	- C(1) - 	 C(6) 121.6(6) 122.0(6) 
C(2) - C(l) - 	 N(1) 126.6(6) 126.5(6) 
C(6) 	- C(l) - 	 N(l) 111.9(5) 111.5(6) 
C(l) - C(2) - 	 C(3) 116.7(6) 116.8(6) 
C(2) 	- C(3) - 	 C(4) 121.1(6) 121.3(6) 
C(2) - C(3) - 	 0(3) 124.6(6) 123.2(6) 
C(4) 	- C(3)' - 	 0(3) 114.3(5) 115.4(6) 
C(3) - C(4) - 	 C(S) 120.6(6) 121.0(6) 
-  - 	 0(4) 115.0(5) 115.8(6) 
C(S) 	- C(4) - 	 0(4) 124.4(6) 123.3(6) 
C(4) - C(S) - 	 C(6) 117.1(6) 117.0(6). 
C(1) 	- C(6) - 	 C(5) 122.9(6) 121.7(6) 
C(1) - C(6) - 	 C(7) 110.8(5) 110.2(6) 
C(5) 	- C(6) - 	 C(7) 125.8(5) 127.9(6) 
C(6) - C(7) - 	 C(8) 102.2(5) 101.8(5) 
C(6) 	- C(7) - 	 C(9) 115.7(5) 116.6(5) 
C(6) - C(7) - 	 C(ll) 111.1(5) 112.0(5) 
C(8) 	- C(7) - 	 C(9) 114.7(5) 114.3(5) 
C(8) - C(7) - 	 C(11) 112.2(5) 110.3(5) 
C(9) 	- C(7) - 	 C(11) 101.3(5) 102.2(5) 
-  - 	 C(14) 117.3(5) 116.7(5) 
C(7) 	- C(8) - 	 N(1) 104.4(5) 104.5(5) 
C(14) 	- C(8) - 	 N(1) 106.3(5) 106.1(5) 
C(7) - C(9) - 	 C(12) 114.6(5) 115.2(6) 
C(7) 	- C(9) - 	 N(2) 104.0(5) 104.8(5) 
C(12) 	- C(9) - 	 N(2) 111.0(5) 110.2(5) 
C(11) 	- C(10) - 	 N(2) 105.3(5) 104.7(5) 
C(7) - C(11) - 	 C(10) 103.8(5) 103.1(5) 
C(9) 	- C(12) - 	 C(13) 108.0(5) 109.0(5) 
C(12) 	- C(13) - 	 C(14) 106.9(5) 107.1(5) 
C(12) 	- C(13) - 	 C(16) 109.3(5) 110.0(6) 
C(14) 	- C(13) - 	 C(16) 114.2(5) 113.0(5) 
C(8) - C(14) - 	 C(13) 112.4(5) 111.6(5) 
C(8) 	- C(14) - 	 C(19) 106.0(5) 107.2(5) 
C(13) 	- C(14) - 	 C(19) 119.2(5) 118.5(5) 
C(16) 	- C(15) - 	 N(2) 108.6(5) 110.4(5) 
C(13) 	- C(16) - 	 C(15) 115.0(5) 115.1(6) 
C(13) 	- C(16) - 	 C(17) 123.8(6) 123.4(7) 
C(15) 	- C(16) - 	 C(17) 121.1(6) 121.5(7) 
C(16) 	- C(17) - 	 C(18) 123.1(6) 123.6(7) 
C(17) 	- C(18) - 	 0(2) 112.5(6) 110.3(6) 
C(14) 	- C(19) - 	 C(20) 109.4(6) 110.2(6) 
C(14) 	- C(19) - 	 0(2) 114.1(5) 115.8(6) 
C(20) 	- C(19) - 	 0(2) 106.5(5) 105.5(5) 
C(19) 	- C(20) - 	 C(21) 120.2(6) 117.4(6) 
-  - 	 N(1) 116.9(6) 116.1(6) 
C(20) 	- C(21) - 	 0(1) 122.5(6) 120.5(7) 
N(1) - C(21) - 	 0(1) 120.6(6) 123.2(7) 
C(1) 	- N(1) - 	 C(8) 108.2(5) 108.3(5) 
C(l) - N(1) - 	 C(21) 127.2(5) 123.3(6) 
C(8) 	- N(1) - 	 C(21) 118.7(5) 120.6(5) 
C(9) - N(2) - 	 C(10) 107.8(5) 107.6(5) 
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- N(2) - 	 C(15) 113.6(5) 113.7(5) 
- N(2) - 	 C(15) 113.1(5) 112.3(5) 
C(18) 	- 0(2) - 	 C(19) 114.8(5) 113.3(5) 
- 0(3) - 	 C(22) 117.6(5) 115.6(5) 
- 0(4) - 	 C(23) 116.6(5) 117.0(6) 
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Brucine torsion angles in ° from 
7.1 7.2 
C(6) 	- C(1) 	- C(2) - 	 C(3) -0.9(9) 2.9(10) 
N(l) 	- C(l) 	- C(2) - 	 C(3) 179.2(6) -174.2(6) 
C(2) 	- C(1) 	- C(6) - 	 C(S) 1.8(10) -3.0(10) 
C(2) 	- C(l) 	- C(6) - 	 C(7) 174.2(6) 173.1(6) 
N(l) 	- C(l) 	- C(6) - 	 C(S) -178.3(6) 174.5(6) 
N(l) 	- C(l) - C(6) - 	 C(7) -5.9(7) -9.3(8) 
C(2) 	- C(1) 	- N(1) - 	 C(8) 174.9(6) 173.8(6) 
C(2) 	- C(l) 	- N(1) - 	 C(21) 22.9(10) 24.7(10) 
C(6) 	- C(1) 	- N(1) - 	 C(8) -5.0(7) -3.6(7) 
C(6) 	- C(l) 	- N(1) - 	 C(21) -157.0(6) -152.7(6) 
C(1) 	- C(2) 	- C(3) - 	 C(4) 0.2(9) 0.8(10) 
C(1) 	- C(2) 	- C(3) - 	 0(3) -179.5(6) 178.7(6) 
- -  - 	 C(5) -0.5(10) -4.5(11) 
- -  - 	 0(4) -179.8(6) 175.8(6) 
0(3) 	- C(3) 	- C(4) - 	 C(S) 179.3(6) 177.4(6) 
0(3) 	- C(3) 	- C(4) - 	 0(4) 0.0(8) -2.3(9) 
C(2) 	- C(3) 	- 0(3) - 	 C(22) -1.4(9) -1.6(9) 
C(4) 	- C(3) 	- 0(3) - 	 C(22) 178.8(6) 176.4(6) 
C(3) 	- C(4) 	- C(S) - 	 C(6) 1.3(9) 4.4(10) 
0(4) 	- C(4) 	- C(S) - 	 C(6) -179.5(6) -175.9(6) 
C(3) 	- C(4) 	- 0(4) - 	 C(23) -174.1(6) -163.5(6) 
C(5) 	- C(4) 	- 0(4) - 	 C(23) 6.6(9) 16.8(9) 
C(4) 	- C(5) 	- C(6) - 	 C(1) -2.0(9) -0.7(10) 
C(4) 	- C(S) 	- C(6) - 	 C(7) -173.2(6) -176.1(6) 
C(1) - C(6) 	- C(7) - 	 C(8) 13.6(6) 17.3(7) 
C(1) 	- C(6) 	- C(7) - 	 C(9) 139.0(6) 142.4(6) 
C(1) 	- C(6) 	- C(7) - 	 C(11) -106.2(6) -100.5(6) 
- -  - 	 C(8) -174.3(6) -166.8(6) 
C(5) 	- C(6) 	- C(7) - 	 C(9) -48.9(8) -41.8(9) 
C(S) 	- C(6) 	- C(7) - 	 C(11) 65.9(8) 75.4(8) 
C(6) 	- C(7) 	- C(8) - 	 C(14) 101.8(6) 98.5(6) 
C(6) 	- -  - 	 M(1) -15.5(6) -18.4(6) 
- -  - 	 C(14) -24.2(7) -28.1(8) 
- -  - 	 N(l) -141.6(5) -144.9(5) 
C(11) 	- C(7) 	- C(8) - 	 C(14) -139.1(5) -142.5(6) 
C(ll) 	- C(7) 	- C(8) - 	 N(1) 103.5(5) 100.7(6) 
C(6) 	- C(7) 	- C(9) - 	 C(12) -86.1(7) -83.6(7) 
C(6) 	- C(7) 	- C(9) - 	 N(2) 152.4(5) 155.1(5) 
C(8) 	- C(7) 	- C(9) - 	 C(12) 32.5(7) 34.9(8) 
C(8) 	- C(7) 	- C(9) - 	 N(2) -88.9(6) -86.4(6) 
C(11) 	- C(7) 	- C(9) - 	 C(12) 153.6(5) 154.0(6) 
C(11) 	- C(7) 	- C(9) - 	 N(2) 32.2(6) 32.7(6) 
C(6) 	- C(7) 	- C(11) - 	 C(10) -165.7(5) -167.7(5) 
C(8) 	- C(7) 	- C(11) - 	 C(10) 80.6(6) 79.7(6) 
C(9) 	- C(7) 	- C(11) - 	 C(10) -42.2(6) -42.2(6) 
C(7) 	- C(8) 	- C(14) - 	 C(13) 40.0(7) 42.1(7) 
- - C(14) - 	 C(19) 171.9(5) 173.4(5) 
N(1) 	- C(8) 	- C(14) - 	 C(13) 156.3(5) 158.1(5) 
N(1) 	- C(8) 	- C(14) - 	 C(19) -71.8(6) -70.7(6) 
C(7) 	- C(8) 	- N(1) - 	 C(1) 13.2(6) 14.2(6) 
C(7) 	- C(8) 	- N(1) - 	 C(21) 167.9(5) 164.3(6) 
C(14) 	- C(8) 	- N(l) - 	 C(l) -111.4(5) -109.7(5) 
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C(14) 	- C(8) 	- N(1) 	- C(21) 43.3(7) 40.4(8) 
C(7) 	- C(9) 	- C(12) 	- C(13) -55.5(7) -56.0(7) 
N(2) 	- C(9) 	- C(12) 	- C(13) 62.0(6) 62.4(7) 
C(7) 	- C(9) 	- N(2) 	- C(10) -11.1(6) -11.3(6) 
C(7) 	- C(9) 	- N(2) 	- C(15) 115.1(5) 113.7(6) 
C(12) 	- C(9) 	- N(2) 	- C(10) -135.0(5) -135.8(6) 
C(12) 	- C(9) 	- N(2) 	- C(15) -8.8(7) -10.9(7) 
N(2) 	- C(10) 	- C(11) 	- C(7) 36.1(6) 35.4(6) 
C(11) 	- - N(2) 	- C(9) -15.3(6) -15.0(7) 
- C(10) 	- N(2) 	- C(15) -141.7(5) -140.9(5) 
C(9) 	- - -  69.9(6) 68.2(7) 
C(9) 	- C(12) 	- C(13) 	- C(16) -54.2(6) -54.9(7) 
C(12) 	- C(13) 	- C(14) 	- C(8) -62.3(6) -61.5(7) 
C(12) 	- C(13) 	- C(14) 	- C(19) 172.9(5) 173.3(6) 
C(16) 	- C(13) 	- C(14) 	- C(8) 58.7(7) 59.7(7) 
C(16) 	- C(13) 	- C(14) 	- C(19) -66.2(7) -65.4(8) 
C(12) 	- C(13) 	- C(16) 	- C(15) -3.8(7) -2.7(8) 
C(12) 	- C(13) 	- C(16) 	- C(17) 174.3(6) 177.6(7) 
C(14) 	- C(13) 	- C(16) 	- C(15) . -123.4(6) -122.3(6) 
C(14) 	- C(13) 	- C(16) 	- C(17) 54.7(9) 58.0(9) 
C(8) 	- C(14) 	- C(19) 	- C(20) 50.7(7) 49.1(7) 
C(8) 	- C(14) 	- C(19) 	- 0(2) -68.5(7) -70.5(7) 
C(13) 	- C(14) 	- C(19) 	- C(20) 178.6(6) 176.4(6) 
C(13) 	- C(14) 	- C(19) 	- 0(2) 59.4(8) 56.8(8) 
N(2) 	- C(15) 	- C(16) 	- C(13) 56.2(7) 53.2(8) 
N(2) 	- C(15) 	- C(16) 	- C(17) -122.0(7) -127.0(7) 
C(16) 	- C(15) 	- N(2) 	- C(9) -48.4(7) -45.1(7) 
C(16) 	- C(15) 	- N(2) 	- C(10) 74.9(6) 77.3(7) 
C(13) 	- C(16) 	- C(17) 	- C(18) -1.1(11) -2.4(12) 
C(15) 	- C(16) 	- C(17) 	- C(18) 176.9(6) 177.9(7) 
C(16) 	- C(17) 	- C(18) 	- 0(2) -62.6(9) -65.4(9) 
C(17) 	- C(18) 	- 0(2) 	- C(19) 86.1(7) 87.6(7) 
C(14) 	- C(19) 	- C(20) 	- C(21) -2.5(9) 1.0(9) 
0(2) 	- C(19) 	- C(20) 	- C(21) 121.3(7) 126.7(6) 
C(14) 	- C(19) 	- 0(2) 	- C(18) -68.9(7) -68.1(7). 
C(20) 	- C(19) 	- 0(2) 	- C(18) 170.2(5) 169.8(5) 
C(19) 	-. C(20) 	- C(21) 	- N(1) -28.3(9) -33.3(9) 
C(19) 	- C(20) 	- C(21) 	- 0(1) 150.0(7) 150.3(7) 
C(20) 	- C(21) 	- N(1) 	- C(1) 155.5(6) 156.4(6) 
- - N(1) 	- C(8) 6.1(8.) 10.8(9) 
0(1) 	- C(21) 	- N(1) 	- C(1) -22.8(10) -27.4(11) 
0(1) 	- C(21) 	- .N(1) 	- C(8) -172.2(6) -172.9(6) 
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C(1') - 	 C(2') 1.338(13) C(l') - 	 C(6') 
C(2') - 	 C(3') 1.397(15) C(3') - 	 C(4') 
C(4') - 	 C(5') 1.361(12) C(5') - 	 C(6') 
C(6') - 	 C(7') 1.516(10) C(7') - 	 0(1') 
C(8') - 	 N(l') 1.352(10) C(8') - 	 0(1') 
C(8') - 	 0(2') 1.195(9) C(91) - C(10 1 ) 
C(9') -C(l1') 1.562(11) C(9') - 	 N(l') 
C(ll') - 	 N(2') 1.324(10) C(11') - 	 0(3') 
C(12') -C(13') 1.534(12) .C(12') -C(14') 
C(12') - 	 N(2') 1.423(10) C(14') - 	 0(4') 
C(14') - 	 0(5') 1.279(9). 
CBZ-L-Alanyl-alaflifle bond angles. in ° 
C(1')- C(2')- C(3') 
C(3')- C(4')- C(5') 
C(l')- C(6')- C(5') 
C(5')- C(6')- C(7') 
N(1')- C(8')- 0(1') 
0(1')- C(8') - 0(2') 
C(10')-C(9')-N(l') 
C(9' )-C(l1' )- N(2' 
N(2')-C(11')- 0(3') 
C(13')-C(12')- N(2') 
C(12' )-C(14' )- 0(4') 















C(2')- C(1')- C(6') 121.2(8) 
C(2')- C(3')- C(4') 121.3(10) 





C(11')- C(9')-  109.6(6) 
C(9')-C(11')- 0(3') 121.9(7) 
C(13' )-C(12' )-C(14' ) 108.3(6) 
C(14')-C(12')-  112.7(6) 
C(12')-C(14')- 0(5') 114.6(6) 
C(8')- N(1')- C(9') 121.4(7) 
C(7')-0(1')-C(8') 118.3(6) 
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N-CBZ-L--Alanyl-L--alanine torsion angles in ° 
C(6')- C(1')- C(2')- C(3') 
C(2')- C(1')- C(6')- C(5') 
C(2')- C(1')- C(6')- C(7') 
C(1')-C(2')-C(3')-C(4') 
C(2')-C(3')-C(4')--C(5') 
C(3')- C(4')- C(5')- C(6') 
C(4')- C(5')- C(6')- C(l') 
C(4')-C(5')-C(6 1 )-C(7 1 ) 
C(1')-C(6')-C(7')-0(1') 






C(10')- C(9')-C(11')- N(2') 
C(10')-C(9')-C(11')-0(3') 
N(1')- C(9')-C(11')- N(2') 
N(1')- C(9')-C(11')- 0(3') 
C(10')- C(9')- N(1')- C(8') 
C(11')-C(9')-N(1')-C(8') 
C(9' )-C(l1' )- N(2' )-C(12' 
0(3')-C(11')- N(2' )-C(12' 
C(13' )-C(12' )-C(14' )- 0(4') 
C(13' )-C(12' )-C(14' )- 0(5') 
N(2' )-C(12' )-C(14' )- 0(4') 
N(2')-C(12' )-C(14' )- 0(5') 
)-C(12' )- N(2' )-C(11')  































CBZ-L-Pheny1alanine and water bond lengths in A from 7.2 
C(l') - 	 C(2') 1.388(12) C(l')- C(6') 1.390(11) 
C(2') - 	 C(3') 1.363(13) C(3') - 	 C(4') 1.371(13) 
C(4') - 	 C(5') 1.384(12) C(5') - 	 C(6') 1.375(10) 
C(S') - 	 C(7') 1.525(10)  - 	 C(8') 1.559(10) 
C(8 1 ) - 	 C(9 1 ) 1.515(11)  - 	 N(1') 1.456(9) 
 - 	 0(1') 1.245(10) C(9') - 	 0(2') 1.263(10) 
C(lO')- N(1') 1.347(9) C(10') - 	0(3') 1.214(8) 
C(10')-0(4') 1.361(8) C(11') - 	 C(12') 1.500(10) 
C(11') - 	 0(4') 1.456(8) C(12') - 	 C(13') 1.399(10) 
 -C(17') 1.400(10)  -C(14') 1.400(11) 
 -C(15') 1.384(12)  -C(16') 1.387(12) 
 -C(l7') 1.365(12) 
0(1W) - 	 H(1W) 1.06(6) 0(1W) 	- H(2W) 1.06(6) 
CBZ-L-Phenylalanirie and water bond angles in ° from 7.2 
C(2')- C(1')- C(6') 120.0(7) C(1')-C(2')-C(3 1 ) 120.0(8) 
C(2')- C(3')- C(4') 120.5(9) C(3')- C(4')- C(5') 119.8(8) 
C(4')-C(5')-C(6') 120.6(7) C(1')-C(6')--C(5') 119.0(7) 
C(1')-C(6')-C(7') 119.4(6) C(5')- C(6')- C(7') 121.5(6) 
C(6')-C(7')-C(8') 113.6(6) C(7')-C(8')-C(9 1 ) 109.3(6) 
C(7')-C(8')-N(1') 110.6(5) C(9')-  N(l') 110.3(6) 
C(8')- C(9')- 0(1') 118.6(7) C(8')-  0(2') 116.7(7) 
0(1')- C(9')- 0(2') 124.6(8) N(1')-C(10')- 0(3') 127.0(6) 
N(1')-C(1:0')- 0(4') 107.9(6) 0(3')-C(10')-0(4') 125.2(6) 
C(12')-C(11')- 0(4') 110.9(6) C(11')-C(12')-C(13') 122.9(6) 
C(11')-C(12')-C(17') 118.2(6) C(13')-C(12')-C(17') 118.9(6) 
C(12')-C(13')-C(14') 120.2(7) C(13')-C(14')-C(15') 120.1(8) 
C(14')-C(15')-C(16') 118.9(8) C(15')-C(16')-C(17'). 122.0(8) 
C(.12')-C(17')-C(16'). 119.9(7) C(8')-N(1')-C(10') 124.7(6) 
 0(4')-C(11') 117.4(5) M(1W)-0(1W)-H(2W) 174(4) 
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C(2')- C(3')- C(4') 
C(3')- C(4')- C(5') 
C(4')- C(5')- C(6') 
C(4')-C(5')-C(6')-C(1') 
C(5')- C(6')- C(7') 
C(1')-C(6')-C(7')-C(8') 
C(5')-C(6')-C(7')-C(8') 
C(6')- C(7')- C(8')- C(9') 
C(6')-C(7')-C(8')-N(1') 








N(l' )-C(l0' )- 0(4')-C(11')  
0(3' )-C(l0' )- 0(4')-C(11')  
0(4' )-C(ll' )-C(12' )-C(13' 
0(4' )-C(ll' )-C(12' )-C(17' 




C(13' )-C(12' )-C(17' )-C(16' 






































Intermolecular contacts from structure 7.1 
Intermolecular C -c distances less than 3.6A 
C(3) - C(17) 	(1 1/2-X ,2 -Y ,1/2+Z ) 	 3.537(9) 
C(15) - C(4') (X ,Y ,-1 +Z ) 	 3.597(12) 
Intermolecular C -H distances less than 2.8A 
C(14') - 	 H(2N) (.X 	,Y 	,Z 	) 2.423(9) 
C(4') - H(141) (-1/2+X 	,l 1/2-1 	,2 -z 	) 2.623(11) 
C(21) - H(2N') (1 1/2-X 	,2 -Y 	,-1/2+Z 	) 2.769(9) 
Intermolecular C -N distances less than 	3.6A 
C(14 1 ) - 	 N(2) (X 	,Y 	,Z 	) 3.281(9) 
Intermolecular C -o distances less than 3.4A 
C(4) 	- 0(1') (1/2+X 	,l 1/2-1 	,2 -z 	) 3.075(8) 
C(13) 	- 0(2') (1 -X 	,-1/2+Y ,l 1/2-Z 	) 3.182(8) 
C(lO) 	- 0(5') (X 	,Y 	,Z 	) 3.183(8) 
C(23) 	- 0(1') (1/2+X 	,l 1/2-1 	,2 -z 	) 3.242(9) 
C(9) - 0(4') (X 	,Y 	,Z 	) 3.245(8) 
C(22) 	- 0(2') (1 1/2-X 	,2 -Y ,-1/2+Z 	) 3.265(10) 
C(12) 	- 0(2') (1 -X 	,-1/2+Y 	,1.1/2-Z 	) 3.311(8) 
C(4') 	- 0(5') (X 	,Y 	1 1 	+Z 	) 3.319(11) 
C(5) - 0(2) (1 1/2-X 	,2 -Y ,1/2+Z 	) 3.341(8) 
C(10) 	- 0(3) (1 1/2-X 	,2 -Y ,-1/2+Z 	) 3.344(8) 
C(9) - 0(5') (X 	,Y 	,Z 	) 3.350(8) 
Intermolecular H -0 distances less than 	2.6A 
H(2N) 	- 0(5') (X 	,Y 	1Z.) 1.528(7) 
H(2N') 	- 0(1) (1 	1/2-X 	,2 -Y 	,1/2+Z 	) 1.954(8) 
H(1N') 	- 0(3) (-1/2+X 	,l 1/2-1 	,2 -Z 	) 2.240(8) 
H(lN') 	- 0(4) (-1/2+X 	,l 1/2-1 ,2 -z 	) 2.381(8) 
H(131) 	- 0(2') (1 -X 	,-1/2+Y 	,1 1/2-Z 	) 2.426(8) 
H(102) 	- 0(3) (1 1/2-X 	,2 -1 	,-1/2+Z 	) 2.439(8) 
H(51) 	- 0(4') (X 	,Y 	,Z 	) 2.457(8) 
H(9l') 	- 0(1) (1 1/2-X 	,2 -Y 	,1/2+Z 	) 2.464(9) 
H(41') 	- 0(5') (X 	,Y 	,1 	+Z 	) 2.467(11) 
H(151) 	- 0(1) (-1/2+X 	,1 1/2-1 	,1 -z 	) 2.507(8) 
H(91) 	- 0(4') (X 	,Y 	,Z 	) 2.511(8) 
H(232) 	- 0(l') (1/2+X 	,1 	1/2-1 	,2 -Z 	) 2.587(9) 
Intermolecular N -o distances less than 3.4A 
N(2) - 	 0(5') (X 	,Y 	,Z 	) 2.569(7) 
N(2') - 	 0(1) (1 1/2-X 	,2 	-Y 	,1/2+Z 	) 3.007(8) 
N(1') - 	 0(4) (-1/2+X 	,l 1/2-1 	,2 -z 	) 3.227(8) 
N(1') - 	 0(3) (-1/2+X 	,l 1/2-1 	,2 	-Z 	) 3.252(8) 

























































Intermolecular contacts from structure 7.2 
Intermolecular c -c distances less than 3.6A 
C(17) - 	 C(6') (X 	,Y ,-i +Z ) 3.330(10) 
C(17) - 	 C(22) (X 	,Y ,-i +Z ) 3.396(10) 
C(17) - 	 C(7') (X 	,Y ,-i +Z ) 3.447(10) 
 - C(ll') (1 -x ,-1/2+Y ,-1/2-Z 	) 3.463(10) 
 - C(15') (1/2+X ,1/2-Y ,-Z 	) 3.495(11) 
C(4') - C(17') (1/2-X ,l -Y ,1/2+Z 	) 3.506(12) 
C(18) - 	 C(5') (X 	,Y ,-i +Z ) 3.524(11) 
C(l) - C(11') (1 -X ,-1/2+Y ,-1/2-Z 	) 3.565(10) 
C(4') - C(16') (1/2-X ,1 -Y ,1/2+Z 	) 3.589(13) 
Intermolecular C -H distances less than 2.8A 
C(9') 	- H(2N) (1 	1/2-X 	,l -Y 	,1/2+Z 	) 2.331(10) 
C(12') 	- H(34) (1/2-X ,l -Y 	,-1/2+Z 	) 2.727(11) 
C(22) 	- H(45) (1/2+X ,1/2-Y 	,-Z 	) 2.730(11) 
- H(19) (X 	,Y ,Z 	) 2.751(11) 
C(22) 	- H(38) (1 -X ,-1/2+Y 	,1/2-Z 	) 2.771(10) 
C(1) - H(31) (X 	,Y ,Z 	) 2.789(10) 
- H(19) (X 	,Y ,Z 	) 2.797(11) 
Intermolecular C -N distances less than 3.6A 
	
C(11') - N(1) 	(1 -X ,1/2+Y ,-1/2--Z ) 	 3.255(9) 
C(9') - N(2) (1 1/2-X ,l -Y ,1/2+Z ) 3.302(10) 
Intermolecular C -o distances less than 3.4A 
C(12). - 0(4') (X ,Y 	,Z 	) 3.229(8) 
C(17) 	- 0(3) (X ,Y 	,-i 	+Z 	) 3.282(9) 
C(15) 	- 0(2') (1 1/2-X ,l -Y ,-1/2+Z 	) 3.323(9) 
C(10) 	- 0(2') (1 1/2-X,1 -Y ,-1/2+Z 	) 3.328(9) 
C(9) - 0(1') (1 1/2-X 	,l 	-Y ,-1/2+Z 	) 3.350(9) 
C(21) 	- 0(4') (1 -X ,-1/2+Y ,-1/2-Z 	) 3.353(9) 
Intermolecular H -N distances less than 2.8A 
H(411) 	- N(l) (1 -X ,1/2+Y ,-1/2-Z 	) 2.730(9) 
H(201) 	- N(1') (1 -X ,-1/2+Y ,-1/2-Z 	) 2.781(9) 
Intermolecular H -0 distances less than 	2.6A 
H(2N) 	- 0(2 1 ) (1 1/2-X ,1 -Y 	,-1/2+Z 	) 1.513(7) 
H(151) 	- 0(4) (X ,Y ,-1 	+Z ) 2.453(8) 
H(17) 	- 0(3) (X ,Y ,-i 	+Z ) 2.530(9) 
H(32) 	- 0(1) (X ,Y ,Z 	) 2.582(10) 
H(371) 	- 0(1W) (1 -X ,1/2+Y ,1/2-Z 	) 2.587(10) 
H(231) 	- 0(1) (1/2+X ,1/2-Y ,-Z 	) 2.60(7) 
Intermolecular N -0 distances less than 3.4A 
N(2) - 0(2') 	(1 1/2-X ,l-Y ,-1/2+Z ) 	 2.585(7) 
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N(2) - 0(1') 	(1 1/2-X ,1 -Y ,-1/2+Z ) 	 3.312(8) 
Intermolecular 0 -0 distances less than 3.2A 
0(1') - 0(1W) 	(1 -x ,1/2+Y ,1/2-Z ) 	 2.813(9) 
0(1) 	- 0(1W) (X ,Y ,Z ) 	 2.848(8) 
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CHAPTER 8 
STRUCTURAL ANALYSIS TECHNIQUES 
The five strychnine and nine ordered brucine structures presented in this 
thesis represent a considerable amount of data, and a formidable problem of 
analysis. It can be seen, especially in the tartrate structures and in the CBZ 
glutamate-aspartate pair, that a very small change in the molecular structure of 
the counterions can lead to a great change in the overall packing of the 
structures. Analysis of the bond lengths, angles etc. is useful in finding gross 
changes in the alkaloid ion, and checking on the normality or otherwise of the 
counterion conformation, but sheds little light on the forces that control the 
crystal packing. Analysis of the intermolecular contacts is useful, but it is 
difficult to assess the relevance of any particular hydrogen bond or van der 
Waals contact. The techniques described in this chapter represent first 
attempts to gain a perspective on. what the most important factors are that 
contribute to the stability of the packing types seen, and the ability of these 
alkaloid packing types to perform enantiomer specific molecular recognition. 
The development of these techniques is by no means complete, and some. 
suggestions for their improvement are included in each section. These 
techniques can be described as:- 
Calculation of molecular contact surface. 
Averaging of molecular environments. 
Estimation of environment energy. 
These techniques are described in the following sections. 
8.1. Contact surfaces 
Of the three techniques described in this chapter, this is probably the one 
which has been most widely investigated by other workers. Most prevalent is 
the use of simple dot surfaces as described here 84 ' 85, although attempts have 
been made at more sophisticated models 86; with perhaps one of the most 
interesting being Connolly's method 87  for generating the solvent accessible 
surface of Richards. The technique used here is to take a molecule from the 
crystal structure and generate all the neighbouring atoms to that molecule. An 
approximately equispaced set of vectors is then generated, emanating from the 
position of each atom of the central molecule. These vectors are checked to 
see if they penetrate the van der Waals sphere of any other atom in the 
molecule or its environment, and the shortest contact for each vector is 
retained. If the centre of the search atom lies within the van der Waal's sphere 
of another then, the enclosing atom is ignored during this procedure( this is 
most noticeable in atoms with hydrogen atoms, where far more vectors make 
'external' contacts than might be thought reasonable). If the vector's length 
between the VOW surface of the central atom and that contacted is longer than 
some preset distance, at present twice the sum of the VOW radii of the atoms 
concerned, then this vector is discarded, and the next processed; otherwise it 
is marked as being either intra or intermolecular. If the contact was 
intermolecular, then the coordinates of the vector endpoints, that is the 
puncture points of the two VOW surfaces, are output with the labels of the two 
atoms concerned. For each atom the total number of vectors tried, the number 
marked intramolecular (internal), and the number marked intermolecular 
(external) are output. An example output is shown below for the CBZ-L-valine 
ion in the strychnine salt. 
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ATOM NVECTOR INTERNAL(%) EXTERNAL(%) AV LEN AV EXCESS NEX 
C13' 410 131( 32.0) 244( 59.5) 2.9074 1.2075 3 
C8' 410 178( 43.4) 208( 50.7) 3.3161 1.6161 4 
C9' 410 287( 70.0) 107( 26.1) 3.1686 1.4686 0 
H91' 410 250( 61.0) 133( 32.4) 2.4332 1.3332 2 
C10' 410 273( 66.6) 120( 29.3) 3.1368 1.4368 1 
11301 410 222( 54.1) 166( 40.5) 2.3431 1.2431 2 
C11' 410 147( 35.9) 228( 55.6) 2.9653 1.2654 1 
11311 410 195( 47.6) 181( 44.1) 2.3914 1.2915 3 
11312 410 201( 49.0) 186( 45.4) 2.1679 1.0679 2 
11313 410 156( 38.0) 203( 49.5) 2.4326 1.3326 4 
C12' 410 141( 34.4) 225( 54.9) 2.9073 1.2074 3 
11322 410 213( 52.0) 172( 42.0) 2.3426 1.2426 6 
11323 410 183( 44.6) 184( 44.9) 2.5053 1.4054 6 
Ni' 410 258( 62.9) 141( 34.4) 2.8492 1.2493 6 
H1N' 410 259( 63.2) 140( 34.1) 1.9859 0.8859 5 
01' 410 225( 54.9) 172( 42.0) 2.8980 1.3981 5 
 410 167( 40.7) 214( 52.2) 2.7898 1.2899 5 
 410 137( 33.4) 235( 57.3) 2.4492 0.9492 0 
 410 149( 36.3) 235( 57.3) 2.1723 0.6723 3 
Cl' 410 180( 43.9) 193( 47.1) 2.9616 1.2617 7 
1111' 410 172( 42.0) 206( 50.2) 2.4798 1.3798 2 
C2' 410 152( 37.1) 201( 49.0) 2.9240 1.2240 3 
1121' 410 137( 33.4) 205( 50.0) 2.4837 1.3837 7 
C3' 410 156( 38.0) 203( 49.5) 2.8281 1.1281 0 
1131' 410 145( 35.4) 213( 52.0) 2.3335 1.2335 0 
C4' 410 155( 37.8) 227( 55.4) 2.7878 1.0879 0 
1141' 410 146( 35.6) 235( 57.3) 2.2812 1.1813 1 
C5' 410 183( 44.6) 207( 50.5) 2.8488 1.1489 1 
H51' 410 162( 39.5,) 218( 53.2) 2.3860 1.2860 3 
C6' 410 244( 59.5) 152( 37.1) 2.9501 1.2502 2 
C7' 410 169( 41.2) 211( 51.5) 3.1349 1.4350 4 
1171' 410 208( 50.7) 161( 39.3) 2.5872 1.4872 5 
1172' 410 191( 46.6.) 196( 47.8) 2.2943 1.1944 7 
11321 410 159( 38.8) 221( 53.9) 2.2776 1.1776 2 
TOTAL 13940 6331( 45.4) 6543( 46.9) 2.6320 1.2373 105 
The main utility of this process lies not in these numbers, but in the ability to 
display intermolecular vectors on a high quality interactive graphics system, in 
this case an Evans and Sutherland Picture system 330. During first attempts, 
each vector was displayed as a solid line, like an extreme version of the furry 
dot surface 88, but this proved to be confusing to interpret and the method was 
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changed to just the display of endpoints. The effect of this isshow dots on the 
van der Waals surface of the central molecule and on that of the 
complementary van der Waals surface. These dots are colour coded to show 
the nature of the contact surface with one colour used if the contact surface is 
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from a symmetry related image of the central molecule, and .a second for all 
other contacts, except those to water molecules which are coded a third 
colour. Most work using this technique has involved the amino acid residues, 
with the amino acid as the central molecule, and so in all cases except the 
benzoyl-DL-leucine salt, one colour represents the alkaloid contact surface, one 
the amino acid surface, and the third colour the water contact surface. 
It is not practicable to reproduce colour plates of all the surfaces generated, 
and so only two are presented. The first (fig 8.1) shows the surface of the 
CBZ-L-valine in the strychnine salt. The part of the van der Waals surface that 
contacts the strychnine is shown in yellow as is the complementary surface. 
The surface that contacts other amino-acid atoms is shown in blue, and that 
which contacts water is shown in purple. This shows that the largest amount 
of alkaloid contact is round the aromatic ring of the N-protecting group, with a 
second patch at the amino acid function, and a third small patch next to one of 
the valine methyl groups. The surface for CBZ-L-methionine salt is very similar, 
except that the methyl-alkaloid contact, patch is now missing. Unfortunately, 
the surface generated for each of the benzoyl-DL-leucine ions is less 
informative, and analysis of this structure must await further development of 
the surface generating routine. The surfaces generated from the brucine salts 
5.1, 5.2, 6.1, and 6.2 show somewhat less alkaloid contact, with the alkaloid only 
contacting part of the aromatic system. One of the structures which does not 
have a normal brucine packing type is shown in figure 8.2. In this 
CBZ-L-phenylalanine salt, it can be seen that the amino acid has a very large 
amount of alkaloid contact. 
At present this procedure shows with which units in the crystal the central 
molecule is in contact. If the maximum allowed vector length was cut from two 
times the sum of the VDW radii of the atoms in contact to a very small 
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distance, e.g. 0.3A, it would be possible to generate a surface which highlighted 
specific sites of interaction. Another area of development would be to use only 
the vectors which are accessible (i.e. ignore vectors which are enclosed by the 
VDW envelope of a bonded atom), and use these equally spaced vectors to 
estimate the amount of free interatomic volume about each atom. 
8.2. Average molecular environments 
This technique is based on the idea that if the environments of a molecule 
from a number of different crystal structures are averaged together, then any 
important interaction will occur in each structure, and will be emphasised in 
the averaged environment. At one time such an analysis would only have been 
possible in a the case of a project like that described in this thesis, where 
many crystal structures containing a similar molecule are determined. This 
being the case, the development of a general purpose program to perform 
averaging would be somewhat excessive given the frequency that such a study 
could be undertaken. With the advent of the Cambridge Crystallographic 
Database 64, this type of study is becoming more common 66 ' 8990 . It is, however, 
rare to find a study based on a large fragment, with the most common type of 
analysis being carried out on a small functional group to elucidate parameters 
for force fields, hydrogen bond geometries etc. The known analyses on larger 
groups include studies on the choline group 91 , ethers 92, and our study of some 
amino acid side chain environments 77 . 
The method of molecular averaging requires more work than the previously 
discussed technique, and can be divided into several distinct steps. 
1. For each structure to be used, the crystallographic data must be read in 
and the fragment of interest located. This is easy if the fragment of interest 
has been numbered consistently in all the structures to be analysed. This is 
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usually not the case and it is necessary to use a connectivity recognition 
algorithm such as that used in the GE0M78 65 program. 
Calculation of the environment of each structure. This involves a search 
for all the neighbouring atoms to the atoms in the fragment of interest out to 
some radii, usually 2.25A more than the sum of the covalent radii of any atom 
pair being checked. If the fragment is not a complete molecule, then it is usual 
to remove atoms bonded to the fragment from the environment, as the 
geometric constraints placed on these bonded atoms will cause them to form a 
cluster in the environment. It is debatable how many bonds distant the atom 
must be from the fragment before it may be said that the positioning of that 
atom will be free of any intramolecular influence. Also, if the fragment is part 
of a rigid molecule, then the number of atoms to be removed from the 
environment must be larger. This problem did not arise in this study of alkaloid 
environments, as it is possible to use the environment of the entire alkaloid. 
Finally, the environment of each molecule must be put into some 
common frame of reference. 
This,\Sdone 
 by fitting the central fragment onto 
some idealised template set of atoms, and applying the shifts and rotations 
used in this procedure to each atom in the environment. 
Initially, the first step was possible only using an output from GEOM78, and 
human intervention in each subsequent step. The process can now be carried 
out relatively easily with only some initial work, using the interactive molecular 
geometry program CALC. The techniques detailed in this chapter are now 
integrated in this program which is detailed in Appendix I. 
It became obvious, during earlier work on the environment of the 
phenylalanine side chain, that the environments were difficult to understand 
when analysed by element only, and that some information about the electronic 
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state of the atoms would be useful. This was most easily accomplished by 
analysis of the geometry around each atom centre in the original crystal 
structure. The bond angles around each atom are analysed and the atom is 
assigned a geometric symbol, which is one of 
U - Unknown 
L - Linear 
G - Trigonal 
T - Tetrahedral 
0 - Octahedral. 
This is quite a restrictive choice, but is sufficient to subdivide the elements 
most usually found in 'organic' structures into their major hybridisation types. A 
digit is also used to show the original number of connectivities to each atom. 
Subsequently it has also been found necessary to fudge the type assigned to 
oxygen atoms so that oxygens which can both donate and accept hydrogens 
are in one class (T2), while ether oxygens which should also be formally T2 are 
placed in the same group as carbonyls, giving a single group of oxygens which 
may only accept hydrogen bonds. This scheme of subdivision is adequate, but 
still cannot distinguish between atoms in aromatic group, and those in simple 
double bonds. 
Once the average environment has been obtained, it must be interpreted. 
For small fragments which have many contributing structures, some sort of 
statistical analysis which gives an idea of the extent of any clustering must be 
favoured. This does not seem quite so practicable in the case of large central 
fragments, and a better form of analysis is the display of the average 
environment on an interactive graphics device. This has been done for the 
average environments of the strychnine and brucine ions, and these are shown 
in figures 8.2a and 8.2b respectively. The strychnine environment seems largely 
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oxygens close to the amine nitrogen of the strychnine, and the accompanying 
clump of sp 2 carbons. The brucine environment can be seen to be very 
different, with very tight clusters of atoms around rings one, two, and three, 
and a more dispersed arrangement around ring VII and the amine nitrogen. This 
clustering emphasises the degree of packing conservation seen in the brucine 
structures. The other feature that is evident, especially in the environment of a 
subset consisting of the structures from chapter five, is a diffuse cloud of sp 2 
carbons close to the vinyl groups. It must be emphasised that such tight 
clustering of non hydrogen bonded atoms has not been seen any. of the other 
environments explored. 
8.3. Environment Energies 
The third and final technique used to highlight the features which control 
the packing is calculation of an interaction energy, of a central molecule and its 
non-bonded environment. This type of calculation is carried out routinely by 
molecular mechanics programs, when attempting to simulate the docking of a 
small molecule to a receptor. These force fields 93,94,95,96 have the additional 
problem of calculating the conformational energy of the small molecule, and 
finding the minimum energy of the entire system. To do this, they often require 
more information than simply the atom types and starting positions, such as 
detailed information of the electronic state of the atoms. The approach used in 
this technique is less sophisticated, and requires only the atomic coordinates 
and their element types, in short the information provided in a crystal structure. 
It calculates only the energy attributable to hydrogen bonds and van der Waals 
contacts. The force field used is loosely based on that used by Vedani and 
Dunitz in the program YETI 97, which is in turn based on that used in the 
molecular mechanics system AMBER 98 . The great advantage of this force field 
is that it does not require the use of an electrostatic term, and therefore 
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obviates the need for the difficult and subjective calculation of partial charges 
on every atom. This procedure begins, as do all the others in this chapter, with 
the calculation of the non bonded environment around the central molecule, 
but to a rather larger distance than usual of 4.6A for C..0 contacts. A pass is 
made through this list to locate all the hydrogen bonds between the central 
molecule and the environment. This results in the location of the two 
non-hydrogen atoms involved in the hydrogen bond, and, where possible, the 
central hydrogen, and a non-hydrogen precursor atom for the donor and 
acceptor atoms. The hydrogen bond is then classified according to the atom 
types that constitute it, and from these the optimum distance between the non 
hydrogen atoms and the optimum angle for the hydrogen bond is found. At 
present only three types of donor and three types of acceptor are used, and 
although these are sufficient for most of the structures found in this thesis, an 
obvious 	omission was 	found 	in the 	N-acetyl-L-tryptophan 	salt, where 	no 
provision had been made for the neutral tetrahedral nitrogen as an acceptor. 
The -- energV -is -Initially calculated using - the ---heavy - atom 
modulated using the deviation from an optimum angle. The choice of this angle 
depends on the type of hydrogen bond donor, as it was thought that a 
hydrogen attached to a nitrogen might be more accurately placed than that on 
a hydroxyl, or a water (again an assumption that is true in this series of 
structures). So if nitrogen is the donor, the N-H..O angle is used as the 
modulating angle, but the O.O-acceptor precursor angle is used in cases 
where the oxygen is the donor. The exact formula used is 
HB=WD*[2*DF6 _DFl 2 ]*Cos 2(X..X) 
where DF=D 0 /D1_ 
with the parameters used given below. 
Donors 
N(+)Sp3 N Sp2 Hydroxyl 0 
Carbonyl WD -6.8 -5.3 -6.25 	Kcal mo1 1 
Oxygen D opt 2.65 2.78 2.50 A 
X opt 180.0 180.0 135.0 ° 
Hydroxy WD -5.6 -5.4 -4.8 
Oxygen D opt 2.70 2.74 2.79 
X opt 180.0 180.0 112.0 
Sp2 WD -4.0 -4.0 -4.0 
Nitrogen D opt 2.84 2.84 2.89 
X opt 180.0 180.0 120.0 
A second pass is then made through the list to evaluate all the van der Waals 
interactions. This is a simpler function, based on the types of atoms and their 
distance apart. It uses a more extensive range of atom types based on those 
used in the program SYBYL 99, and theformula used is 
VDW 1 =1(c 1 *c)*{DFl 2_2*DF6} 
where DF=(VDW radius of i + VOW radius of 
with the following parameters used. 
Type 	E Kcal mo1 1 
Carbon Sp3 0.15 
Carbon Sp2 0.12 
CarbonSp 0.12 
Nitrogen Sp3 0.08 
Nitrogen Sp2 0.16 
Nitrogen Sp 0.16 
Oxygen Carbonyl 0.15 






















No claims are made for the absolute accuracy of the energies generated, but 
the relative values generated for the structures should be useful in that they 
represent an integrated measure of intermolecular factors affecting the packing. 
The energy values calculated for each brucinium ion are given in table 8.3a, 
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and the most immediately striking feature is that the VOW energy per brucine 
is greater than that obtained from the hydrogen bonding of each ion. An 
example output for a brucine from the CBZ-L-glutamate salt is shown below. 
1 1 C15 	N2 	H2N 	034@6 	C39@6 	2.66 155.61 -5.64 
2 1 	- 03W@0 H32W80 01 	C21 2.81 144.33 -4.57 
TOT ENG= -70.5508 HB -10.2029 VDW= -60.3480 
5 MOST +VE AND -yE VDW INTERACTIONS 
	
H221 	H142@1 	-0.0002 Ni 	04'@3 	-0.1782 
11232 H82@2 -0.0002 04 N1'@2 -0.1747 
11232 	1120382 	-0.0002 C18 	03380 	-0.1732 
Hill H52@3 -0.0002 03 C23'@l -0.1728 
11131 	113186 	-0.0002 04 	C1l'@2 	-0.1720 
The first two lines give information on the constituents and geometry of the 
two hydrogen bonds to this brucine, and the values determined for the 
hydrogen bonds seem quite reasonable. A trial run was made using 
parameters for united CH units, and, although this reduced the van der Waals 
contribution by approximately 30%, it still shows a far larger VDW contribution 
to the total environment energy. 
All the brucinium ions which are involved in monolayer packing (structures 
3.3, 3.4, 3.5, 5.1, 5.2, 6.1, and 6.2) have very similar total energies. Also, although 
the brucines in structures 5.1 and 5.2 have bad repulsive VOW contacts which 
give them the lowest VDW contributions of this set, the accessibility of the 
ether oxygen for hydrogen bonding more than compensates. This similarity 
between packing types would seem to imply that the type of brucine packing 
used may be easily changed to accommodate best any included species. Out of 
this set of brucines, the lowest energy is found on one of the brucinium ions in 
the tartrate salt 3.4, and this reflects the inability of the tartrate ion in this salt 
to form two strong 'salt bridge' hydrogen bonds. The most suprising feature of 
the energies determined for the other brucines is that the VDW contribution of 
the brucine ion in the CBZ-L-phenylalaninate salt(7.2) is the smallest of any of 
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the brucines. This suggests that an alternative interpretation of the packing 
seen in 8.2 is that the CBZ-L-phenylalanine is too large to fit well into any of 
the conventional brucine packing types, and this type of packing is adopted as 
a poor substitute. 
The energy values determined for the strychnines are shown in table 8.3b. 
As there are fewer strychnines, trends are less obvious, but it can be seen that 
the strychnines which are involved in the grooved bilayer type packing (3.1, 4.1, 
and 4.2) have a similar VDW contribution, and that this contribution is greater 
than that seen in the other strychnines, particularly those in the 
benzoyl-DL-leucine salt. 
The counter-ion packing energies are shown in table 8.3c, and it should be 
noted that comparison of these energies is not quite as simple as that of the 
alkaloid packing energies, as the van der Waals contribution is dependent on 
the number of atoms in the central fragment. This problem is virtually 
insignificant in the -comparison of - the - bitartrates and --tartrates, where it can -- be -  
seen that in both the brucine and the strychnine salts the bitartrate has the 
lowest environment energy, due to its ability to form a more stable hydrogen 
bonding system. It is seen that of the CBZ-L-aspartate/glutamate pair the 
glutamate ion has the most energetically favourable packing arrangement with 
greater VDW and hydrogen bonding contributions. 
It should be stressed again that the techniques discussed in this chapter 
are still in a state of development, and that the observations made do not 
represent the complete understanding of the structures. Several interesting 
questions are raised by the present state of the analysis. The choice of alkaloid 
packing mode used in each structure is between, in the brucine case, a set of 
energetically similar packing modes, or a packing scheme that has no extended 
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brucine packing. This choice is dependent on the counterion, and it would be 
interesting to determine what features are particularly prone to destroy the 
brucine extended packing, particularly as there is one structure already 
determined which appears to be a halfway stage between 'normal' brucine 
packing and a total lack of any extended packing. It is also possible to say that 
the brucine packing types seen are dependent on hydration for stabilisation, 
particularly the packing type shown by structures 5.1 and 5.2, and examination 
of some structures of resolution products from non-aqueous solvents may 
produce other packing motifs. A point seen in all the alkaloid amino acid salts 
seen is the positioning ability of a phenyl ring on the amino acid. It has been 
observed that in some non salt forming resolutions with brucine the presence 
of a phenyl ring is important 99 but several resolutions have been reported 
using non-aromatic amino acids with non-aromatic protecting groups, and 
examination of some of these structures should also present some new 
features. Perhaps the most unusual observation in this thesis is that the vinyl 
group -on the brucine -  is- so often close toan --aromaticsystem- -and this-effect 
should be investigated. The most immediate method of analysis to determine if 
this is a general effect or an artifact of the brucine packing types; would be to 
search the Cambridge crystallographic database for vinyl groups. This set of 
structures could be subsearched for the presence of an aromatic ring, and the 
average environment of the vinyl group calculated, and this environment would 
show any general preference for aromatic groups. 
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Table 8.3a Brucinium ion environment energies in Kcal mo1 1 
3.3 TOT ENG= 
3.3' TOT ENG 
3.4 TOT ENG 
3.4' TOT ENG= 
3.5 TOT ENG 
5.1 TOT ENG 
5.2 TOT ENG= 
5.2' TOT ENG= 
6.1 TOT ENG 
6.1' TOT ENG 
6.2 TOT ENG= 
6.2' TOT ENG 
7.1 TOT ENG= 















HB -10.2025 'JDW= 
HB -10.4444 VDW 
HB= -11.0037 VDW 
HB= -6.3534 VDW 
HB -8.3083 VDW 
HB -13.6027 VDW= 
HB -13.7687 VDW 
HB -14.9549 VDW 
HB -10.2029 VDW 
HB= -9.3230 VDW= 
HB 	-9.0020 VDW 
HB 0.0000 VDW 
HB= -9.9535 VDW 















* Force field incorrect for this structure. 
Table 8.3b Environment energies of strychnine ions in Kcal mol 1 . 
3.1 TOT ENG= 
3.2 TOT ENG 
3.2' TOT ENG= 
4.1 TOT ENG 
4.2 TOT ENG 
4.3 TOT ENG 








-9.3971 VDW= -43.4895 
-6.4412 VDW= -38.2261 
-6.3616 VDW= -37.2476 
-6.2951 VDW= -43.9529 
-7.7868 VDW= -42.2449 
-12.5203 VDW= -37.0305 
-10.4333 VDW= -35.1538 
Table 8.3c Counterion environment energies in Kcal mol 
3.1 TOT ENG= 
3.2 TOT ENG 
3.3 TOT ENG 
3.3' TOT ENG 
3.4 TOT ENG 
4.1 TOT ENG 
4.2 TOT ENG 
4.3 TOT ENG 
4.3' TOT ENG= 
5.1 TOT ENG= 
5.2 TOT ENG 
6.1 TOT ENG 
6.2 TOT ENG 
7.1 TOT ENG 
















-53.2089 VDW= -15.4710 
-41.0909 VDW= -12.1914 
-52.5347 VDW= -16.3456 
-49.5424 VDW= -15.5117 
-38.7106 VDW= -16.5502 
-22.0396 VDW= -34.4540 
-12.1393 VDW= -38.6378 
-26.6648 VDW= -32.0081 
-24.4188 VDW= -31.4515 
-29.0088 VDW= -22.6004 
-31.1901 VDW= -32.9250 
-40.6299 VDW= -38.1920 
-27.1397 VDW= -28.3998 
-9.9536 VDW= -41.8927 
-10.9272 VDW= -39.5074 
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APPENDIX I 
CALC is a general purpose interactive molecular geometry program. It was 
originally written in a local language called IMP in 1976 by Or R. 0. Gould as an 
aid to the production of Beevers' Miniature Models, providing drilling angles 
from atomic coordinates. It then progressed to being a program capable of 
many of the tasks required during the analysis of crystal structures. During the 
period of my fourth year project, I became acquainted with the program and 
began to alter sections to advance our abilities to calculate average molecular 
environments. The program is now jointly authored by Or Gould and myself, 
and at the begining of 1985 we decided that the program should be totally 
rewritten in Fortran-77 in order both to improve its portability and streamline 
the code. This job was completed at the end of 1985, and since then further 
program development has taken place, to the extent that the program presently 
Consists of approximately 6000 lines of source •code. The main area of my 
interest has been to improve the handling of intermolecular contact. 
information, allowing us to find the symmetry operation that has been applied 
to any non-bonded contact atom, and easily applying that operator to any 
collection of atoms. Another objective is to - allow the program to execute a 
series of instructions on many coordinate sets, an ability that is essential for 
the automatic calculation of average molecular environments. The program 
provides a convenient test bed for any analysis techniques being investigated 
as all the support routines required are available within it. 
What follows is the present HELP information for the program and should 
give an indication of its abilities: 
SUMMARY 
CALC is an interactive molecular geometry program for EMAS & VAX/VMS 
that is always being developed, and requests for new features are always 
welcome. It is structured as a series of links which are called in turn and which 
are described in detail in HELP. There are two levels of operations. The first 
works on the list of input coordinates only (the short list), while the second 
works on a long list taking symmetry and unit cell repeats into account. 
Getting a start: UNITCELL is used for reading in cell dimensions. COORDS 
is used to read in atom names and x, y, z-coordinates for atoms. JOIN is used 
to add or delete atoms in terms of geometrical constraints. 
Basic calculations: BOND, ANGLE, TORSION and PLANE are used for these 
functions. DRILL does calculations for Beevers' Miniature Models. IDEAL 
replaces a group of atoms by the best fit of an idealised group. GROUP 
assembles "molecules" within the list, and WHICH locates a given connectivity 
ap. - 
Extending to include symmetry: LATTICE and SYMMETRY are used to read in 
symmetry operations and lattice type. FILLCELL is then used to generate the full 
contents of the unit cell and store it on a second list (the large list.) 
Using the extended list: NEIGHBOUR identifies atoms at a given, distance 
from an input atom. MOLECULE generates a unique molecule from the large list 
and a given pivot atom. VIEW prints a lineprinter plot of the unit cell contents. 
Output: XRAY outputs the current atom list in various formats. YNTER gives 
intermolecular contacts (using the long list) and ZIP gives bonds, angles and 
torsion angles for the program TABLES. 
Extra features: GROUP identifies atoms of molecules before YNTER is called. 
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KAPTION inserts messages in output. ONOFF controls printout, indicates 
whether e.s.d.'s are being considered. and allows the input grid to be changed 
etc. QUIT ends the job, and RESTART empties all arrays for a fresh start. 
ANGLE Give 01 02 03 to calculate the angle Q1-Q2-Q3 or give 02 ALL dist to 
calculate all angles at Q2, involving atoms within 
dist of 02. ANGLE will give esd's if VARIANCE has 
been specified (See ONOFF). dist This refers to a 
distance in Angstroms. Alternatively, 0 may given, 
and the sum of atomic radii (0.5 for H, 0.825 for He 
to F, 1.2 for Na to Cl and 1.7 for other atoms) will 
be used Exceptionally, B has a radius of 1.0. 
BOND Give 01 02 to calculate the distance 01-02 or give 01 ALL dist to 
calculate all bonds to 01, shorter than dist. BOND. 
will give esd's if VARIANCE has been specified (See 
ON OF F). 
COORDS Give filename for input coordinates. A GRID may be given so that 
coordinates may be input without decimal points, 
directly from a Fourier map etc. See ONOFF. The 
program expects 01 x y z or ATOM 01 x y z for. 
each atom. (Sigx, sigy and sigz are also expected if 
VARIANCE is on; see ONOFF.) The list must end 
with END. Cell, Lattice, and Symmetry information 
may be included in the input file in the form:- 
CELL a b c alpha beta gamma 
LATT A F 
SYMM X-Y,Y,5/6+Z 
The SYMM cards may be as in INT TABS or as 
SHELX or in the format used by the Cambridge 
Crystallographic Database. (See entry. for SYMM) 
The LATT card should specify first the lattice 
centricity (C or A)and then the Lattice type. 
(P,A,B,C,F,I,R). If two atoms with the same name 
are read in the second replaces the first. To purge 
the atom list the RESTART command should be 
used. The exact syntax of the file is:- 
(H indicates optional, £ alternatives) 
[TITLE title] 
[CELL unit cell] 
[LATT AEC P€AEBECEFEIR] 
[SYMM (mt tabseshelxEoutput coords from 
GEOM78)] 
[ATOM] atom name X 	Y 	Z 
[if IV=1 i.e variances on VX 	VY 	VZ] 
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END 
COORDS/S will read a shelx type file. Most SHELX 
cards 	will 	be 	read 	and 	ignored. 	Only 
TITL,CELL,LATr,SYMM 	and atom 	cards are 
significant. 
COORDS/D will read data from the the dat file 
output by RDAT in the Cambridge Crystallographic 
Database suite of programs. Care should be 
exercised as CALC will only read 24 symmetry 
operations as this is the maximum required if LATT 
is used to specify centricity and Lattice type. The 
database codes lattice centring as extra symops 
and therefore for high symmetry systems more 
than 24 symops may be given in the database 
entry and CALC will skip this entry. 
COORDS/M will read orthogonal data from a MOL 
type file. Only the atomic positions are used and 
each atom should have a unique name. 
Note : COORDS prompts for an input file and stops 
reading input when an end card is encountered 
(Not the end of file) so more than one set of data 
can be put in the file. Once a file has been 
specified to COORDS the next input data after the 
END card can be accessed by typing NEXT in 
response to the INPUT FILE: prompt. 
DRILL Give Qi Q2 Q3.... END to calculate drilling angles at Qi for Beevers' 
Miniature Models. Qi ALL dist may also be given as 
in ANGLE and BOND. dist : This refers to a 
distance in Angstroms. Alternatively, 0 may given, 
and the sum of atomic radii (0.5 for H, 0.825 for He 
to F, 1.2 for Na to Cl and 1.7 for other atoms) will 
be used Exceptionally, B has a radius of 1.0. 
EXTERNAL On EMAS the rest of the command line is passed to the Subsystem 
(i.e. the rest of the line should be an EMAS 
command) On VAX/VMS spawns a subprocess. 
FILLCELL This calculates all atom positions in the unit cell, and stores them in 
an array. Printing can be suppressed (See ONOFF). 
This link must be run before nearest neighbours 
can be calculated or single molecules assembled 
from atoms in different asymmetric units. Note 
This is the basic link for using symmetry 
operations. The default for LATTICE and SYMM 
gives P1 symmetry. 
GROUP This command is used to mark atoms in the list as belonging to the 
same group. It prompts "AUTOMATIC (YIN)" if Y is 
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the reply the atoms will be grouped together by 
molecule. If N is the reply an input file will be 
prompted for. This must contain a series of atom 
labels which are to be grouped together terminated 
by an END card. YNTER uses the marks put on by 
GROUP. 
GROUP/L will generate geometric type labels for all 
the atoms using the average angles and deviation 
of these angles to determine the geometry at that 






the symbol for each atom is composed of two 
letters. The first is one of the geometric types 
above the second a digit giving the number of 
connected atoms. Thus an sp3 carbon would 
Usually be tagged T4. This procedure will not work 
correctly- in structures that have no hydrogens 
included. 
GROUP/0 as GA except that a distance will be 
prompted for. This distance is the longest C-O 
bond length.allowedtobe acarbonyl(i.e.Oxygen------- -
Ui) the labels of all oxygens are adjusted so that - 
oxygens that may only accept H bonds are labeled 
Ui while those that can both accept and donate 
are labeled T2. It also attempts to assign type 
labels to terminal- C and N atoms with no 
hydrogens. 
GROUP/H as G/O but the type labels on Hydrogen 
are adjusted so that the first letter is the first letter 
of the element that the hydrogen is bonded to and 
the second is the geometric descriptor of the 
connected atom. 
HELP Views this file. H = filename will save it to a file. H ? gives a summary. 
When input or output files are requested. IN may 
be used to indicate keyboard input and OUT for 
terminal output. In these notes Q1,Q2 etc. refer to 
atom labels. These may be as in the input file or 
alternatively (if EXTEND has been set in onoff) 
Qi/2/545 where 2 means that the second position 
of Qi in the filcell list is to be used and that it is 
to be shifted by -1 unit cell translation in B. If the 
second part of the extension is left off 555 (i.e. a 
shift of 0 0 0) will be assumed. In the links that 
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use neighbour a tag @x is added to the atom 
name. In any given set of coordinates x is the 
same for a pair of atoms if the symmetry 
transformation used to put the atoms in their 
current position is the same. Thus after a 
neighbour operation, and if EXTEND has been set in 
onoff, atoms may also be referred to as Q1@ etc 
allowing a symmetry related set of atoms to be 
specified easily (e.g. to calculate an interplanar 
angle between one plane and its symmetry related 
image) In database mode Qi etc should be integers 
which correspond to those used in the fragment 
search question. (the format of this question is 
detailed in HELP W) 
IDEAL Fit idealised set of atoms. Prompts for input file. This is a file of the 
type used by COORDS but only CELL,ATOM and 
END cards may be present. If no cell is provided 
orthogonal Angstrom coordinates are assumed. 
The atoms in the "Ideal" set will be fitted to those 
currently in the list using the atom names to 
identify equivalent atoms. At the end of the 
calculation the idealised coordinates may replace 
the original coordinates in the list if Y is answered 
to the prompt 'IDEALISE T. In database mode the 
file should consist of an optional cell card and 
cards of the format: 
ATID n X Y Z 
where n is a number that is in the database 
question. The ideal coordinates should be 
terminated by an END card. 
IDEAL/S will cause the short list to be transformed 
into the coordinate frame specified by the ideal file 
(i.e. the atoms in the short list will rotate to fit 
onto those specified in the ideal file. 
JOIN Mainly to add atoms by calculation, and to make other alterations to the 
list. If fewer than three atoms are present, a fresh 
start must be made, for which data are Qi, 02, 03, 
dl, d2, a, where dl= Ql ... Q2, d2=Q2...Q3, and 
a=Ql...Q2 ... Q3. Thereafter, the list may be added to 
by one of the following commands: ADD 
determines the position of a new atom Q4 in terms 
of a distance 04-03, and angle Q4-Q3-Q2 and a 
torsion Q4-Q3-Q2-Ql, Qi, 02 and 03 already 
being in the list. 
TET3 uses ADD to incorporate three new atoms 
tetrahedrally with a staggered conformation, e.g. a 
methyl group 
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TET2 adds two new atoms to Q2 in a fragment 
Q1-02-0.3 	such 	that 	angles 	at 02 	are as 	near 
tetrahedral as possible, e.g. CH2. 
TET1 	adds 	a 	single 	atom 	to a 	given 	three 
connected atom to make it as near tetrahedral as 
possible, e.g. CH. 
TRIG adds a single atom to 02 in the fragment 
Q1-Q2-Q3 to make it planar with angles near 120 
degrees.. 
LINE adds a single atom to 02 in the fragment 
0.1-0.2 	to 	make 	the 	angle 	180 degrees 	(or 	0 
degrees if a negative bond length is given.) 
The array may be altered in whole or in part by the following commands: 
ONLY restricts the operation of the. following 
commands to a subset of the list. 
ALL (the default) makes subsequent changes refer 
to the entire list. 
ORIG shifts the origin of the coordinate system of 
a given point. 
PLANE uses the PLANE link to calculate the best 
plane through the atoms being considered, and 
transforms the coordinate system to the normal 
system. 
ROTX, ROTY and ROTZ rotate the atoms a given. 
angle about the X,Y, or Z axis, anticlockwise viewed 
- 	 from the positive direction toward the origin. 
ROT performs a similar rotation relative to a given 
pair of atoms, the view being from the second to 
the first. 
Two other utility commands are: 
LIST will print, a copy of the current array of atoms 
DEL may be used to delete a specified atom from 
the list. 
KAPTION Type caption, or newline to print out previously input caption. 
LATTICE Give centricity (A or C) and lattice type (A,B,C,F,I,P or R) The default is 
AP. 
MOLECULE Give 01. A molecule will be built up about this atom, if that is 
possible with less than 100 atoms. Give a filename 
for output (.LIST may be .used as in NEIGHBOUR). 
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Default atomic radii are used. (0.5 for H, 0.85 for He 
to F, 1.2 for Na to Cl and 1.5 for other atoms, 
except 1.0 for B) FILLCELL must have been run 
before this link. 
NEIGHBOUR Give file name. If file name is IN give Qi and dist. Neighbouring 
atoms will be calculated with distances and esd's if 
VARIANCE has been specified (See ONOFF). The 
symmetry operation required to give the second 
atom will also be printed. Terminate with END. In 
database mode give only the numbers of the 
atoms for which neighbours are to be calculated. 
after the END instruction a a distance will be 
requested and all neighbours closer than the sum 
of covalent radii and this distance will be 
calculated. Otherwise give a file name containing a 
series of atom labels terminated with END then a 
distance. Neighbours for these atoms at the sum of 
the covalent radii + this distance will be calculated. 
If the distance is negative ABS(distance) will be 
used as a cutoff with no RADII adjustments. If the 
input file contains the word REST. then neighbours 
will be calculated for all the atoms in the same 
group as the first atom in the file. If list is on then 
the display of the neighbouring atoms and their 
symmetry operators will not include the original 
atoms in the input list. At the end neighbour will 
ask if you wish to remove any atoms directly 
bonded to those used in neighbour. If you reply 
yes it will ask for the number of bonds away you 
wish to- ignore- contacts. - -Neighbour- -will-- then-- ------
prompt for a file name for the output of 
coordinates,- .LIST may be given as a file name 
these atoms will then be reinput to the program's 
main list. Two options are given at this time If Y 
is the answer to the APPEND ? prompt then the 
atoms in neighbours output list will be merged 
with those already in the short list. N means that 
the present short list will be erased and replaced 
by the contents of the short list. FILLCELL must 
have been run before NEIGHBOUR. 
NEIGHBOUR/ENERGY 	calculates 	a - primitive 
environment energy I.E. the energy of the hydrogen 
bonds and VOW interactions between the core 
atoms and the environment. G/O must have been 
executed before this and it is advisable for 
structures with axes< 10 A to set the NCELL 
switch to 125 (see ONOFF) 
NEIGHBOUR/CHECK will check to see if any atoms 
from the secondary search fragment occurred in 
the calculated environment. At present this 
information is only usable by the PLANE/AUTO 
option, If a negative distance is given the effective 
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distance will be R1+R2+ABS(dist). Extended atom 
labels may not be used with this link. 
ONOFF This is used to toggle the control switches. E.G. 0 L will toggle the 
listing and 0 V will toggle variance. The options 
are as follows:- 
ANGLE: (default OFF) If on this will cause a table of 
angles around the central atom to be printed out 
after a NEIGHBOUR calculation (including YNTER) 
BATCH: default off. Will prompt for a CALC coords 
file and then instructions. The instructions are CaIc 
operations that will be carried out in sequence on 
all the sets of data in the coord file No syntax 
check is used on the instructions so you must 
understand all the parameters CALC will ask for. 
Processing begins when Q is typed as the first 
character on an INSTRUCTION: line and ends when 
the program encounters End of File on any unit. 
DATABASE: default off. Very similar to 0 BATCH 
except that a file containing a connectivity search 
question will be prompted for first. (The format of 
this file is given in HELP W). All references to 
atoms should then be given as integers which refer 
to the connectivity question. 
EXTEND: (default OFF) allows extended. atom labels 
to be used. 
GRID: (default 1 1 1). Will .prompt for new grid. 
Thereafter all new coordinates will be divided by 
these numbers. 
LIST : (default ON) If. off coordinates are not output 
to the terminal by . COORDS, FILLCELL, or 
NEIGHBOUR. 
MODIFY : (default OFF) if On output files will add to 
the end of a file if the specified file already exists. 
If off output files will overwrite any existing file 
with the same name. 
NCELL: (default 27) Controls the number of cells to 
be searched in a NEIGHBOUR calculation. If toggled 
it will change to 125 
RADIUS: AIlowsthe atomic radii of atoms already 
read in to be altered. Prompts for an element 
symbol and a new radius. 
SHUTUP: default off. Suppresses ALL printing to 
terminal. Useful in database jobs This switch does 
not toggle and to resume printing ONOFF TALK 
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should be used. 
TALK: default on. Resume normal printing mode. 
VARIANCE: (default OFF) When switched on will 
prompt for the esd's of the unitcell parameters 
(Usually 0 0 0 0 0 0) and will cause the esd's of 
distances and angles to be printed in the 
appropriate links. 
PLANE Give list of atoms defining plane terminating with END or the word ALL 
Answer Y to prompt 'LIST ALL ATOMS ?' to obtain 
atom coordinates in frame of best plane. 
PLANE/AUTO will calculate least squares planes for 
marked occurrences of the secondary search 
fragment. At present the only marking mechanism 
is by NEIGHBOUR/CHECK. 
QUIT Terminate the run. 
RESTART Clears the atom lists in the program. 'Leaves ONOFF switches intact. 
Prompts "ARE YOU SURE " Y/N 
SYMM Give filename for input symmetry operations, which are a list of one 
operation to a line as in mt Tab, e.g. 
-X,1/2-Y,3/4+Z, as in SHELX, e.g. -X,0.5-Y,0.75+Z or 
as in the output files from GEOM on the Cambridge 
Crystallographic Database. Terminate the, list with 
END. The default is one symmetry ooeration X,Y.Z. 
TORSION Give Qi Q2 Q3 Q4 to calculate a torsion angle. Otherwise give Q2 Q3 
ALL and dist to give all.torsions with 0.2 03 as the 
central bond and involving all other bonds less 
than dist. TORSION will give esd's if VARIANCE has 
been specified (See ONOFF). 
UNITCELL Give a b c alpha beta gamma. Then give END or else the empirical 
formula such as C 6 H 5 CL 1 * (* ends formula 
reading) and Z. the number of formulae per unit 
cell. The cell volume and the orthogonalisation 
matrix will be printed. If the chemical formula is 
given more data will be printed out including 
density, absorption coefficient and percentage 
composition. 
VIEW Produces a line printer plot of the unit cell contents. Give A,B or C to 
get A,B or C axis projection. 
WHICH Connectivity fragment search. Used mainly to test connectivity 
questions before using in a DATABASE run of calc. 
THe format of The connectivity question is as 
follows:- ' 
ATI ele mca [E] 
ATj ele mca [E] 
80 i j 
TEST keyword params min max 
END 
where i j etc are integers from 1 to the number of 
atoms in the search fragment, ele is an element 
symbol, mca is the minimum number of connected 
atoms non-hydrogen atoms, and E an option 
forcing mca to become the exact number of 
connected atoms. BO specifies a bond between 
atom i and j, and TEST a test to be applied to the 
initial hits of a fragment, min and max are values 
that the result of the test must be within. 
Allowable keyword parameter combinations are:- 
DIS I j min max - tests bond lengths 
ANG I j k min max - tests angle i j k 
TOR ij  k I min max - tests torsion angle ij k I 
ORD i j k i min max - can be used to ensure only 
correct enantiomers are selected. The centroid of j 
k I is calculated and the torsions j I cen k and •k I 
cen I calculated and checked against the min and 
max, e.g. to ensure only S amino acids C alpha = I, 
= k and - COO = lwith TEST ORDi j k190.0' 
150.0 
UNI I j k I .... z 0 ensures that no two hits in the 
same structure will have I j k I ..... z as the same 
atoms. 
WHICH/A will read the hits. into a different storage 
array called secondary search fragment. At present 
this can be used only by N/C and P/A. I.E. this may 
be used when the program is in database mode 
without overwriting the current question 
WHICH/B will cause a QUIT if the number of hits of 
the secondary fragment is zero. Used in BATCH or 
DATABASE mode to terminate processing of 
current entry if W/A made no hits. 
XRAY Specify orthogonal or fractional output of coordinates and for a file 
name. It will then output all the coordinates 
currently in the list with a cell card at the top and 
an END at the bottom. 
XRAY/L will output coordinates but with geometric 
type labels as an extra field for each atom. 
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XRAY/S will rename and sort the current short list 
then output it in SHELX format with SOFs of 11.0 
and isotropic temperature factors of 0.05 . It 
requires a list of atom names which correspond to 
the new names for the short list 
XRAY/T is similar to XRAY/S but no file of new 
names is required. 
XRAY/M will output a file in MOIL format. 
XRAY/N is similar to XRAYIM but the Coordinates 
of the mol file have their origin at the centre of 
gravity of the short list. 
YNTER Give a filename . Into this it will put all the intermolecular contacts of 
the molecules found, or input to GROUP It also 
produces tables of 10 smallest intermolecular 
contacts . It produces tables for five different 
contacts . The standard set is C-C, 0-H, C-O, C-H, 
and H-H . These can be altered by replying N to 
the prompt STANDARD SET? . Replying END to the 
prompt FIRST TYPE:. will start the calculation; 
FILLCELL and GROUP must, have been run before 
YNTER. 
ZIP Give a file for a listing of bonds, angles and torsions. This file may be 
used as input to TABLES. As prompted, indicate 
how hydrogen atoms are to be treated and 
whether torsion angles , are wanted. ZIP will give 
esd's if VARIANCE has been. specified (See ONOFF). 
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APPENDIX II ATOMIC COORDINATES AND THERMAL PARAMETERS. 
Table 3.1.1 Atomic coordinates with esds for 3.1 
x Y z ulso 
 0.2868(4) 0.0684(3) 0.41933(21) 0.0345(17) 
 0.4292(4) 0.1133(4) 0.48036(25) 0.0417(19) 
 0.5127(5) 0.2118(4) 0.4522(3) 0.0506(23) 
 0.4552(5) 0.2637(4) 0.3661(3) 0.0511(23) 
 0.3180(5) 0.2153(4) 0.3053(3) 0.0474(22) 
 0.2366(4) 0.1165(3) 0.33070(22) 0.0362(18) 
 0.1042(4) 0.0385(3) 0.27228(22) 0.0342(17) 
 0.0367(4) -0.0410(3) 0.34827(20) 0.0315(17) 
 -0.0478(4) 0.0963(3) 0.20637(22) 0.0395(19) 
COO) 0.0508(5) -0.0809(4) 0.13452(25) 0.0524(23) 
 0.2028(4) -0.0302(4) 0.20212(24) 0.0476(21) 
 -0.2191(5) 0.1259(3) 0.25040(25) 0.0392(18) 
 -0.2884(4) 0.0177(3) 0.29328(22) 0.0332(17) 
 -0.1489(4) -0.0137(3) 0.37815(20) 0.0286(15) 
 -0.2851(4) -0.0389(4) 0.12059(23) 0.0425(19) 
 -0.3169(4) -0.0740(3) 0.21765(22) 0.0351(18) 
 -0.3670(5) -0.1810(4) 0.2340(3) 0.0425(20) 
 -0.3903(5) -0.2238(4) 0.3300(3) 0.0496(22) 
 -0.1963(5) -0.1105(3) 0.44216(22) 0.0382(19) 
 -0.0387(5) -0.1310(4) 0.52046(23) 0.0451(21) 
 0.1336(5) -0.0622(3) 0.51927(22) 0.0388(18) 
 0.1756(4) -0.02682(25) 0.43282(18) 0.0343(14) 
 -0.0945(4) 0.0108(3) 0.12468(18) 0.0446(17) 
0(1) 0.2310(4) -0.0396(3) 0.59165(16) 0.0539(16) 
0(2) -0.2262(3) -0.21722(23) 0.39394(17) 0.0434(14) 
 -0.0441(4) 0.0539(3) 0.86621(20) 0.0291(15) 
 0.1636(4) 0.0615(3) 0.86080(23) 0.0343(17) 
 0.2395(4) -0.0544(3) 0.83806(22) 0.0311(16) 
 0.4466(4) -0.0522(3) 0.84237(21) 0.0309(15) 
0(301) -0.1417(3) 0.02389(24) 0.79238(15) 0.0433113).  
0(302) -0.0993(3) 0.08118(25) 0.94067(15) 0.0435(13) 
0(31) 0.2595(3) 0.1014(3) 0.94513(21) 0.0547(16) 
0(32) 0.1863(3) -0.13880(22) 0.89899(19) 0.0436(13) 
0(331) 0.5111(3) 0.02727(21) 0.79264(16) 0.0386(12) 
0(332) 0.5372(3) -0.1215(3) 0.88853(20) 0.0579(16) 
0(1W) 0.1418(4) 0.26924(24) 0.05715(19) 0.0461(15) 
0(2W) 0.6146(4) 0.2085(3) 0.98518(24) 0.0704(20) 
0(3W) 0.8854(6) 0.1512(4) 0.6194(3) 0.098(3) 
-4(2) 0.4739 0.0733 0.5473 0.0500 
H(3) 0.6247 0.2488 0.4981 0.0500 
1-4(4) 0.5184 0.3421 0.3472 0.0500 
-4(5) 0.2744 0.2546 0.2380 0.0500 
-4(8) 0.0216 -0.1258 0.3186 0.0500 
-4(9) 0.0007 0.1781 0.1850 0.0500 
1-1(101) 0.0972 -0.0991 0.0673 0.0500 
1-4(102) -0.0004 -0.1583 0.1630 0.0500 
1-4(111) 0.2857 -0.0966 0.2381 0.0500 
1-4(112) 0.2877 0.0248 0.1653 0.0500 
H(121) -0.1875 0.1895 0.3047 0.0500 
1-1(122) -0.3224 0.1588 0.1970 0.0500 
 -0.4195 0.0285 0.3185 0.0500 
 -0.1492 0.0633 0.4197 0.0500 
H(151) -0.2974 -0.1122 0.0744 0.0500 
1-4(152) -0.3846 0.0247 0.0943 0.0500 
1-4(17) -0.3922 -0.2390 0.1751 0.0500 
H(181) -0.4337 -0.3118 0.3244 0.0500 
1-4(182) -0.4940 -0.1733 0.3577 0.0500 
1-4(19) -0.3203 -0.0838 0.4689 0.0500 
1-1(231) -0.0013 -0.2199 0.5174 0.0500 
1-4(232) -0.0899 -0.1139 0.5867 0.0500 
HUN) -0.0951 0.0553 0.0585 0.0500 
1-4(31C) 0.1733 0.1202 0.8067 0.0500 
H(310) 0.2035 0.1393 0.9790 0.0500 
H(32C) 0.1981 -0.0723 0.7732 0.0500 
H(320) 0.2854 -0.1733 0.9303 0.0500 
H(331) 0.6372 0.0177 0.7896 0.0500 
H(11W) 0.0369 0.3041 0.0668 0.0500 
H(12W) 0.2224 0.3135 0.0759 0.0500 
H(21W) 0.6802 0.1693 0.9548 0.0500 
H(22W) 0.5113 0.1823 0.9719 0.0500 
H(31W) 0.9117 0.1057 0.6723 0.0500 
H(32W) 1.0060 0.1741 0.6267 0.0500 
Table 3.1.2 Anisotropic thermal parameters in A 2 
U 1 1 U22 U33 U23 U13 U 1 2 
 0.0228(15) 0.0459(19) 0.0345(16) -0.0029(16) 0.0043(12) 0.0061(14) 
 0.0316(17) 0.0561(22) 0.0367(18) -0.0113(17) 0.0029(14) 0.0038(17) 
 0.0380(20) 0.060(3) 0.0540(23) -0.0251(21) 0.0116(17) -0.0052(19) 
 0.0365(19) 0.062(3) 0.0557(23) -0.0100(20) 0.0169(17) -0.0130(18) 
 0.0386(20) 0.0546(24) 0.0487(20) 0.0061(19) 0.0076(16) -0.0038(18) 
 0.0279(16) 0.0446(20) 0.0360(18) -0.0004(15) 0.0064(13) 0.0032(16) 
 0.0241(15) 0.0466(20) 0.0318(16) . 0.0037(14) 0.0073(12) 0.0007(14) 
 0.0302(16) 0.0368(18) 0.0269(14) 0.0023(13) 0.0015(13) 0.0022(14) 
 0.0322(17) 0.0515(23) 0.0342(17) 0.0089(16) 0.0042(14) 0.0000(16) 
 0.0369(20) 0.082(3) 0.0379(19) -0.0136(19) 0.0050(15) 0.0078(20) 
 0.0300(17) 0.076(3) 0.0364(17) -0.0067(19) 0.0060(14) 0.0045(18) 
CO 2) 0.0351(18) 0.0414(19) 0.0406(18) 0.0094(16) 0.0054(14) 0.0080(16) 
 0.0270(15) 0.0379(18) . 	 0.0345(16) 0.0015(14) 0.0068(13) 0.0046(14) 
 0.0287(15) 0.0309(16) 0.0257(14) . -0.0013(13) 0.0036(12). 0.0023(13) 
 0.0278(16) 0.0650(25) 0.0337(16) 0.0002(17) 0.0001(13) 0.0002(17) 
 0.0220(16) 0.0501(22) 0.0324(16) -0.0021(15) -0.0003(12) 0.0055(15) 
 0.0336(18) 0.0491(22) 0.0435(19) -0.0064(17). -0.0007(15) 0.0027(16) 
 0.0432(21) 0.0514(23) 0.0523(21) 0.0020(19) -0.0028(18) -0.0134(19) 
C(1 9) 0.0422(20) 0.0414(20) 0.0309(16) -0.0011(15) 0.0083(14) -0.0031(16) 
 0.059(3) 0.0461(20) 0.0287(17) 0.0107(16) -0.0002(15) -0.0080(19) 
 0.041 6(19) 0.0457(19) 0.0278(16) 0.0041(16) -0.001604). 0.0075(16) 
 0.0322(14) 0.0400(16) 0.0300(13) -0.0040(12) 0.0016(11) 0.0035(12) 
 0.0306(14) 0.0763(22) 0.0268(13) 	. 0.0038(14) 0.0065(11) 0.0003(15) 
0(1) 0:0486(15) 0:0781(20) 0.0329(13) 0.0076(13) -0.0067(11) -0.0038(15 
0(2) 0.0465(15) 0.0373(13) 0.0452(14) 0.0036(11) 0.0018(11) -0.0017(12) 
 0.0179(13). 0.0342(16) 0.0344(16) 0.0044(14) 0.0018(12) 0.0027(12) 
. 0.0190(15) 0.0374(17) 0.0463(18) -0.0028(16) 0.0057(13) -0.0013(13) 
 0.0195(14) 0.0374(17) 0.0363(16) -0.0007(14) 0.0069(12) -0.0014(13) 
 0.0231(14) 0.0342(16) 0.0349(15) -0.0033(14) 0.0041(12) 0.0008(13) 
0(301) 0.021 4(10) 0.0710(17) 0.0372(12) 0.0011(12) 0.0054(9) -0-003001) 
0(302) 0.0270(11) 0.0686(16) 0.0346(12) -0.0040(12) 0.0055(9) 0.0085(11) 
0(31) 0.0236(12) 0.0667(18) 0.0723(18) -0.0366(15) -0.0008(11) 0.0021(12) 
0(32) 0.0259(12) 0.0361(12) 0.0690(16) 0.0138(12) 0.013301) . 0.0023(10) 
0(331) 0.0167(10) 0.0493(14) 0.0493(13) 0.0111(11) 0.0043(9) -0.0007(10) 
0(332) 0.0260(12) 0.0656(17) 0.0822(18), 0.0317(16) 0.0137(12). 0.0089(13) 
0(1W) 0.0297(12) 0.0470(15) 0.0609(16) -0.0158(12) 0.0062(11) -0.0035(11) 
0(2W) 0.0333(15) 0.0803(22) 0.0960(24) -0.0477(20) ' 0.0044(15) 0.0022(15) 
0(3W) 0.0718(22) 0.116(4) 0.104(3) 0.056(3) -0.0123(20) -0.0169(23) 
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Table 3.2.1 Atomic coordinates with esds for 3.2 
x Y z ulso 
C( 1) 0.2709(10) -0.0308(12) -0.0685(4) 0.045(5) 
 0.4100(13) -0.0494(14) -0.1233(4) 0.063(6) 
 0.4897(14) -0.2132(16) -0.1294(6) 0.071(7) 
 0.4347(14) -0.3466(16) -0.0848(6) 0.070(7) 
 0.2981(12) -0.3253(13) -0.0300(6) 0.063(6) 
 0.2170(10) -0.1677(11) -0.0236(4) 0.047(5) 
 0.0738(10) -0.1097(10) 0.0338(4) 0.042(5) 
 0.0190(10) 0.0676(9) 0.0038(4) 0.035(4) 
 -0.0799(12) -0.2321(10) 0.0551(4) 0.049(5) 
 -0.0162(13) -0.0765(13) 0.1544(5) 0.061(6) 
CO 1) 0.1455(12) -0.0919(12) 0.1023(4) 0.051(5) 
C(12) -0.2318(11) -0.2204(10) 0.0124(5) 0.048(5) 
CO 3) -0.3012(10) -0.0382(10) 0.0118(4) 0.043(5) 
 -0.1537(11) 0.0723(10) -0.0289(4) 0.043(5) 
 -0.3390(12) -0.1180(13) 0.1401(5) 0.056(6) 
 -0.3557(10) 0.0151(11) 0.0850(5) 0.046(5) 
CO 7) -0.4206(12) 0.1659(13) 0.1015(5) 0.058(6) 
 -0.4357(13) 0.3027(13) 0.0466(6) 0.067(6) 
 -0.1920(12) 0.2572(11) -0.0464(5) 0.051(5) 
 -0.0205(13) 0.3507(11) -0.0753(5) 0.061(6) 
 0.1408(13) 0.2441(12) -0.0962(5) 0.055(6) 
 0.1665(9) 0.1121(8) -0.0518(3) 0.041(4) 
 -0.1509(10) -0.1919(9) 0.1294(4) 0.054(5) 
0(1) 0.2445(10) 0.2733(10) -0.1508(4) 0.079(5) 
0(2) -0.2623(9) 0.3553(7) 0.0115(4) 0.059(4) 
 -0.1444(11) 0.7462(12) -0.2852(4) 0.045(5) 
 -0.0477(13) 0.7647(16) -0.2326(5) 0.067(7) 
 0.0260(14) 0.9235(17) -0.2270(5) 0.070(7) 
 0.0096(14) 1.0551(16) -0.2700(6) 0.072(7) 
 -0.0916(12) 1.0393(13) -0.3267(5) 0.065(6) 
 -0.1635(11) 0.8813(11) -0.3327(4) 0.044(5) 
 -0.2653(10) 0.8196(10) -0.3895(4) 0.039(4) 
 -0.3426(10) 0.6472(9) -0.3593(4) 0.037(4) 
C(9 1 ) -0.4057(12) 0.9432(11) -0.4114(5) 0.054(5) 
 -0.2633(12) 0.7827(14) . -0.
- 
 5095(5) 0.059(6) 
 -0.1360(12) 0.7992(13) -0.4566(4) 0.055(5) 
 -0.5840(11) 0.9362(10) -0.3686(5) 0.052(5) 
 -0.6548(10) , 	0.7511(9) -0.3686(4) 0.041(4) 
C( 14') -0.5383(11) 0.6421(10) -0.3269(4) 0.044(4) 
 -0.5938(13) 0.8303(13) -0.4978(5) 0.064(6) 
 -0.6514(11) 0.6984(11) -0.4424(4) 0.047(5) 
 -0.7006(13) 0.5441(13) -0.4549(5) 0.063(6) 
 -0.7533(15) 0.4066(13) -0.4036(7) 0.078(7) 
 -0.5896(12) 0.4543(10) -0.3092(4) 0.048(5) 
 -0.4486(14) 0.3645(12) -0.2762(5) 0.061(6) 
 -0.2952(12) 0.4720(11) -0.2567(4) 0.051(5) 
 -0.2360(9) 0.6021(9) -0.3030(3) 0.046(4) 
 -0.4118(10) 0.8991(10) -0.4879(4) 0.060(5) 
0(1') -0.2304(11) 0.4409(10) -0.2048(4) 0.081(5) 
0(2') -0.6100(9) 0.3579(8) -0.3680(4) 0.065(4) 
 0.8065(23) 0.5037(21) 0.2567(8) 0.110(12) 
 0.7484(20) 0.3546(14) 0.3053(6) 0.089(8) 
 0.618(3) 0.4082(18) 0.3610(7) 0.126(13) 
 0.549(3) 0.2548(17) 0.4141(9) 0.124(13) 
0(301) 0.7931(15) 0.4985(11) 0.1977(5) 0.109(7) 
0(302) 0.860(3) 	. 0.6328(21) 0.2813(7) 0.214(16) 
0(31) 0.6944(24) 0.2171(13) 0.2705(5) 0.165(11) 
0(32) 0.461(3) 0.4569(24) 0.3327(11) 0.272(21) 
0(331) 0.657(3) 0.1935(17) 0.4455(6) 0.169(11) 
0(332) 0.400(3) 0.206(3) 0.4243(11) 0.217(18) 
0(1W) 0.1140(16) 0.3766(15) 0.1162(6) 	. 0.133(3) 
0(2W) 0.6212(19) 0.8692(19) 0.3280(8) 0.160(4) 
0(3W) 0.3573(20) 0.5584(19) 0.1877(8) 0.165(5) 
0(4W) 0.881 7(z3) 0.3501(21) 0.5236(9) 0.191(6) 
0(5W) 0.095(3) 0.590(3) 0.3789(11) 0.218(7) 
0(6W) 0.237(4) 0.199(3) 0.2553(14) 0.265(10) 
96Z 
(9)9000 (vz000- (t)17000- (9)6900 (9)9O0 (S)L00 CL 03 
(t')L00- (08000- (17)L000- (9)0900 (S)L00 (D')OCOO (9 00 
(17)000 07)000 07)6100 (9)600 (9)6900 (9)8t7OO (S 00 
()L000- (W9100- (C)t'OOO- (t')9C00 ()L00 (S)C900 (t, 00 
(C)L000- (C)0 L00- (t')OOOO (9)600 (S)Z900 (t7)/-ZOO (C 00 
(C)6000- (0L000- (t')ZOOO- (9)8900 (t')SEOO (9)6C00 (Z 00 
()L000- (tCL00- (t')6000 (S)Ci'OO (9)900 (9)900 (L 00 
(9)000- (9)1100- (W9100 (9)600 (9)t'900 (9)6900 (0 1)3 
(WLOOO- ()000- (t')6000 (s)csoo (t7)tCOO (s)8900 (6)3 
(C)Z000 (C)6000- (E)E000 (t')6C0O (t7)/-ZOO ()8CO0 (9)3 
(C)1000 (t')gDOO- (C)900O (9)6t00 (t')8C00 (t')8C00 (L)3 
(t')000 (0LO0- ()9000- (9)9900 (9)0900 (17)LZOO (9)3 
(1)8000 (9)1L00- (9)9L00- (8)t'600 (9)6900 (9)9E00 (9)3 
(9)/-z00 (S)9100- (9)0000- (9)900 (8)600 (9)9900 (t3 
(9)9000 (S)0100- (9)9C00- (9)900 (6)9010 (9)900 (C)3 
(9)1-000 () I 100- (9)6000- (S)C00 (8)600 (9)0900 (z)3 
()0L00- (C)0100- (tl)000- (t')CEOO (9)CL00 (t')LCOO (1)3 
CZ CC zz n LI n 
y U! siaeweed IBwJe.n 3!do.os!uV zzt eqej 
00010 Z99C0 OLOS0 96L90 (LCC))4 
000L0 E8ZC0 LZOCO t'1980 (LZE)H 
00900 60Z90 6Z10L S6C0- (NZ)H 
00900 SLLC0 8OLZO t'68C0- (09)H 
00900 6ZZ0- OLOCO 17CL90- (L09)H 
00900 9SLZ0 6090 99LL0- (L6L)H 
00900 699E0 6W0 9C980- (Z8L)H 
00900 96t70- 616Z0 Di'61-0- (18L)H 
00900 £8090- 09L90 t'0L0- (LLL)H 
00900 8t60 LEC60 86890- (ZSL)H 
- 0090*0 91179'0- ---------- - - CLL0 9890- 
00900 L8LZ0- 8EOL0 9Z990- (1/-)H 
00900 L9E0- LLCLO EZ6L0- (1CL)k 
00900 Z06E0- 9CZ0 . L 9CL90- (ZL)N 
00900 tF9LE0- 00L60 SCLS0- (LZL)H 
00900 89t70 96060 OLSO0- (ZLL)H 
00900 8ESt'O- 99890 St'SOO- (LIL)H 
00900 90990- C6180 9L6 L0- (0L)k 
00900 Z6090 C990 LLLC0- (LOL)H 
00900 0t0 ZCLOL 1-89C0- (169)H 
00900 8100 LZ990 99CE0- (189)H 
00900 09C0 617t7Ll 96010- (L99)H 
00900 LZ9Z0 OSLIL 61L00 (LP9)H 
00900 19810- 0L60 91010 (LC9)H 
00900 L9610- £0990 600- (Lz9)H 
00900 66910 660E0- 999L0- (NZ)H 
00900 COZ 10 9SZ0 0900- (Z0Z)H 
00900 C9COO 000 90100 (L0Z)H 
00900 61800- S8Z0 6/8Z0- (16L)H 
00900 £6000 C9Z0 9Zt90- (Z9 OH 
00900 SOLOO 9LLO LEOSO- (19L)H 
00900 199L0 LZ6L0 9C9t0- W. OH 
00900 UCLO 8LZ0- 9E0- (ZS OH 
00900 006L0 LL9O0- 99C0- (ISL)k 
00900 91-LO0 86000 0LL0- (Lt, OH 
0090'0 OCLO0- 9Z00- t6 L0- (LEL)k 
00900 6C00 ZSOE0- O8CC0- (ZZL)H 
00900 L6E00 899Z0- 18L0- (LL)k 
00900 0LL0 6Z0ZO- EZZZ0 (Z1L)k 
00900 1700L0 VOZOT LLZZO (LLL)H 
00900 19910 SCOT 9C900- (Z0 1)H 
00900 0S0Z0 88110- 80100 LO OH 
00900 8L00 009C0- C6Z00- (L6)H 
00900 Z900 9Z9 L0 6000- (L8)H 
00900 9000 Z6Zt70- 999Z0 (LS)H 
00900 LZ600 L69t0- LL60 (Lt')H 
00900 80Z10 OCCZ0- 8L690 (LC)H 
00900 06910- Z9900 Lt'St'O (Lz)H 
 0.050(6) 0.057(6) 0.091(8) 0.012(5) 0.002(5) 0.012(4) 
 0.049(5) 0.048(5) 0.057(5) 0.004(4) -0.018(4) 0.012(4) 
 0.067(6) 0.046(5) 0.067(6) 0.027(4) -0.013(5) -0.009(4) 
 0.054(6) 0.061(6) 0.050(5) 0.001(4) -0.008(4) -0.020(4) 
N(l) 0.040(4) 0.040(4) 0.041(4) 0.010(3) -0.004(3) -0.005(3) 
N(2) 0.050(4) 0.057(5) 0.054(4) 0.018(4) -0.012(3) 0.001(3) 
0(1) 0.073(5) 0.102(5) 0.057(4) 0.033(4) 0.010(4) -0.010(4) 
0(2) 0.055(4) 0.041(3) 0.078(4) 0.003(3) -0.004(3) 0.007(3) 
. 0.033(4) 0.069(6) 0.032(4) -0.006(4) -0.001(3) 0.002(4) 
 0.052(6) 0.105(8) 0.043(5) -0.004(5) -0.007(4) 0.001(5) 
 0.051(6) 0.106(9) 0.053(6) -0.021(6) -0.007(5) -0.006(6) 
C(4) 0.056(6) 0.087(8) 0.070(7) -0.031(6) 0.001(5) -0.012(5) 
C(5') 0.043(5) 0.074(7) 0.075(7) -0.011(5) -0.008(5) -0.011(5) 
C(6) 0.040(5) 0.048(5) 0.041(5) -0.007(4) 0.002(4) -0.002(4) 
 0.042(4) 0.041(4) 0.034(4) -0.003(3) -0.002(3) 0.001(3) 
 0.036(4) 0.038(4) 0.036(4) 0.000(3) -0.005(3) 0.005(3) 
C(91 ) 0.051(5) 0.038(5) 0.073(6) 0.011(4) -0.017(4) -0.008(4) 
C(10 1 ) 0.052(5) 0.083(7) 0.040(5) 0.006(4) 0.000(4) -0.003(5) 
 0.048(5) 0.073(6) 0.041(5) 0.014(4) 0.000(4) -0010(4) 
 0.044(5) 0.038(5) 0.071(6) 0.008(4) -0.003(4) 0.008(4) 
 0.035(4) 0.032(4) 0.054(5) 0.008(3) -0.004(3) -0.003(3) 
 0.039(4) 0.039(4) 0.051(5) 0.006(3) -0.001(4) 0.000(3) 
 0.053(6) 0.065(6) 0.074(7) 0.011(5) -0.023(5) -0.010(5) 
 0.041(5) 0.048(5) 0.051(5) 0.007(4) -0.011(4) -0.002(4) 
C(17) 0.058(6) 0.063(6) 0.068(6) -0.001(5) -0.026(5) - 0.005(5) 
 0.068(7) 0.051(6) 0.117(9) 0.010(6) -0.041(7) -0.013(5) 
 0.054(5) 0.038(4) 0.050(5) 0.007(4) 0.001(4) -0.006(4) 
C)20') 0.072(6) 0.047(5) 0.062(6) 0.026(4) -0.012(5) -0.002(4) 
C(21') 0.055(5) 0.051(5) 0.043(5) 0.018(4) -0.006(4) 0.014(4) 
N(V) 0.040(4) 0.057(4) 0.039(4) -0.004(3) -0.009(3) 0.000(3) 
N(2) 0.052(5) 0.070(5) 0.057(5) 0.024(4) -0.018(4) -0.010(4) 
0(1) 0.097(6) 0.091(5) 0.053(4) 0.025(4) -0.025(4) -0.003(4) 
0(2') 0.064(4) 0.044(3) 0.088(5) 0.001(3) -0.025(4) -0.006(3) 
 0.129(12) 0.103(11) 0.091(11) 0.028(9). -0.006(9) 0.000(9) 
 0.135(11) 0.055(6) 0.072(7) 0.025(6) 0.003(7) -0.001(6) 
 0.228(21) 0.064(8) 0.078(9) 0.017(7) 0.001(11) -0.001(10) 
 0.216(21) 0.059(8) 0.087(10) 0.003(7) 0.017(12). -0.046(11) 
0(301) 0.170(9) 0.085(6) 	-. 0.068(5) 0.022(4) -0.005(5) 0.019(5) 
0(302) 0.347(24) 0.159(12) 0.133(10) 0.064(9) -0.060(12) -0.155(15) 
0(31) 0.330(19) 0.080(6) 0.079(6) -0.006(5) -0.009(8) -0.031(9) 
0(32) 0.274(21) 0.231(19) 0.278(22) 0.180(18) 0.085(17) 0.142(18) 
0(331) 0.305(18) 0.120(9) 0.085(7) 0.058(6) -0.081(10) -0.097(10) 
0(332) 0.198(17) 0.219(19) 0.221(18) 0.074(15) 0.008(14) -0.048(15) 
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Table 3.3.1 Atomic coordinates with esds for 3.3 
x Y z ulso 
C(l) 0.1248(3) 0.56032(15) 0.5652(6) 0.032(3) 
 0.0770(4) 0.52001(15) 0.5561(6) 0.034(3) 
 -0.0338(4) 0.51761(15) 0.5383(6) 0.035(3) 
c(4) -0.0964(4) 0.55492(16) 0.5219(6) 0.036(3) 
 -0.0486(4) 	. 0.59493(17) 0.5401(6) 0.038(3) 
 0.0642(3) 0.59722(15) 0.5604(6) 0.032(3) 
 0.1347(3) 0.63583(15) 0.6011(6) 0.0320(25) 
 0.2499(3) 0.61739(14) 0.5725(6) 0.0289(24) 
 0.1066(4) 0.67645(16) 0.4920(6) 0.036(3) 
 0.1811(4) 0.69491(15) 0.7914(6) 0.037(3) 
C(1 1) 0.1267(4) 0.65141(15) 0.7933(6) 0.035(3) 
C(12) 0.1546(3) 0.67914(16) 0.3116(6) 0.038(3) 
C( 13) 0.2776(4) 0.67475(15) 0.3398(6) 0.035(3) 
 0.2992(3) 0.62892(15) 0.3971(6) 0.0319(25) 
 0.2371(4) 0.73832(15) 0.5339(7) 0.040(3) 
 0.3205(4) 0.70776(15) 0.4730(6) 0.037(3) 
 0.4216(4) 0.70985(16) 0.5401(7) 0.041(3) 
 0.5073(4) 0.67853(16) 0.4908(7) 0.043(3) 
CO 9) 0.41 58(3) 0.61257(16) 0.41 59(6) 0.037(3) 
 0.4195(4) 0.56571(16) 0.4796(6) 0.040(3) 
 0.3163(4) 0.54494(17) 0.5207(6) 0.039(3) 
 -0.0254(4) 0.44188(17) 0.5439(7) 0.046(3) 
 -0.2717(4) 0.58559(19) 0.4680(8) 0.056(4) 
 0.2359(3) 0.57060(12) 0.5746(5) 0.0329(22) 
 0.1472(3) • 0.71316(12) 0.6119(5) 0.0341(22) 
0(1) 0.3045(3) 0.50623(12) 0.5049(6) 0.057(3) 
0(2) 0.48296(23) 0.63573(11) 0.5441(4) . 	0.0382(19) 
0(3) -0.08855(25) 0.47992(11) 0.5272(4) 0.0415(20) 
0(4) -0.20574(25) 0.54875(12) 0.4959(5) 0.0476(21) 
 0.3729(3) 0.06336(16) 0.0774(6) 0.034(3) 
 0.4173(4) 0.10380(15) 0.0597(6) 0.035(3) 
 0.5272(4) 0.10564(16) 0.0373(6) 0.036(3) 
 0.5893(4) 0.06856(16) 0.0331(6) 0.034(3) 
 0.5437(4) 0.02904(15) 0.0566(6) 0.034(3) 
c(61 ) 0.4342(3) 0.02703(15) 0.0817(6) 0.033(3) 
C(7') 0.3668(3) -0.01135(15) 0.1256(6) 0.032(3) 
C(81 ) 0.2489(3) 0.00637(14) 0.0897(6) 0.031(3) 
C(9 1 ) 0.3892(4) -0.05237(14) 0.0215(6) 0.035(3) 
C(10') 0.3279(4) -0.06914(15) 0.3187(6) 0.039(3) 
C) 11') 0.3837(4) -0.02581(15) 0.3200(6) 0.036(3) 
 0.3338(4) -0.05565(17) -0.1605(6) 0.040(3) 
 0.2108(4) -0.05190(15) -0.1438(6) 0.036(3) 
C(14) 0.1913(3) -0.00542(15) -0.0890(6) 0.034(3) 
c(15 1 ) 0.2613(4) -0.11475(16) 0.0603(7) . 	0.043(3) 
c(16') 0.1745(4) -0.08479(16) -0.0149(6) 0.037(3) 
 0.0740(4) -0.08715(17) 0.0362(7) 0.043(3) 
 -0.0123(4) -0.05602(19) -0.0219(7) 0.050(3) 
 0.0738(4) 0.01030(17) -0.0806(6) 0.039(3) 
 0.0722(4) 0.05646(17) -0.0105(7) 0.046(3) 
 0.1786(4) 0.07836(17) 0.0327(6) 0.041(3) 
 0.5166(4) 0.18166(16) 0.0227(7) 0.047(3) 
 0.7615(4) 0.03725(18) -0.0203(8) 0.055(4) 
 0.2621(3) 0.05284(13) 0.0909(5) 0.0362(23) 
 0.3537(3) -0.08888(12) 0.1435(5) 0.0350(22) 
0(1 1 ) 0.1877(3) 0.11689(13) 0.0203(6) 0.067(3) 
0(2') 0.01 254(24) -0.0139101) 0.0377(4) 0.0397(19) 
0(3') 0.5809(3) 0.14355(11) 0.0201(4) 0.0445(21) 
0(4') 0.69622(25) 0.07504(11) 0.0007(4) 0.0440(20) 
 0.0721(4) 0.29573(18) 0.4167(6) 0.037(3) 
 0.0635(4) 0.28140(15) 0.2218(6) 0.030(3) 
 -0.0252(4) 0.30717(17) 0.1192(6) 0.034(3) 
 -0.0377(4) 0.29504(16) -0.0767)6) 0.035(3) 
0(301) 0.1183(4) 0.32970(15) 0.4532(5) 0.066(3) 
0(302) 0.0270(3) 0.27224(13) 0.5260(4) 0.0474(22) 
0(31) 0.03741 (24) 0.23771(10) 0.201 5(4) 0.0353(19) 
0(32) -0.12527(25) 0.30210(12) 0.1932(4) 0.0424(20) 
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0(331) 0.0522(3) 0.29206(14) -0.1532(4) 0.0482(22) 
0(332) -0.1250(3) 0.28947(15) -0.1510(5) 0.0561(24) 
 0.4208(4) 0.32766(18) 0.8444(7) 0.040(3) 
 0.4304(4) 0.34212(16) 0.6557(6) 0.037(3) 
 0.5180(4) 0.31565(17) 0.5716(6) 0.036(3) 
 0.5306(4) 0.32817(17) 0.3781(6) 0.040(3) 
0(401) 0.3791(4) 0.29274(16) 0.8727(5) 0.071(3) 
0(402) 0.4624(3) 0.35205(13) . 	 0.9675(5) 0.0509(24) 
0(41) 0.4589(3) 0.38585(11) 0.6428(4) 0.0430(21) 
0(42) 0.6186(3) 0.32134(13) 0.6667(4) 0.0440(21) 
0(431) 0.4427(3) 0.32917(16) 0.2814(5) 0.063(3) 
0(432) 0.6195(3) 0.33459(15) 0.3222(5) 0.060(3) 
0(1W) 0.8277(3) 0.34505(14) 0.4974(5) 0.056(3) 
0(2W) 0.6646(3) 0.27934(14) -0.0118(5) 0.056(3) 
0(3W) 0.0911(4) 0.18946(18) -0.1306(8) 0.092(4) 
0(4W) 0.3143(4) 0.43923(17) 0.7655(9) 0.095(4) 
0(5W) 0.3962(7) 0.4391(3) 0.2791(11) 0.159(7) 
0(6W) 0.3404(4) . 	 0.24873(21) 0.1952(8) 0.097(4) 
0(7W) 0.1990(4) 0.19414(18) 0.3666(8) 0.087(4) 
0(8W) 0.2705(5) 0.22037(25) 0.7047(9) 0.118(5) 
0(9W) 0.1660(4) 0.37668(17) 0.7730(7) 0.088(4) 
0(1OW) 0.2089(6) 0.37540(25) 0.1702(10) 0.124(5) 
1-4(21) 0.1257 0.4915 0.5627 0.0500 
1-1(51) -0.0972 0.6235 0.5384 0.0500 
1-1(81) 0.3047 0.6308 0.6750 0.0500 
1-1(91) 0.0210 0.6770 0.4577 0.0500 
H(1O1) 0.2676 0.6916 0.8068 0.0500 
4-1(102) 0.1539 0.7149 0.8963 0.0500 
4-4(111) 0.1689 0.6302 0.8869 0.0500 
1-1(112) 0.0437 0.6542 0.8258 0.0500 
H(121) 0.1229 0.6537 0.2268 0.0500 
H(122) 0.1347 0.7095 0.2504 0.0500 
1-1(131) 0.3192 0.6808 0.2208 0.0500 
1-1(14) 0.2607 0.6134 0.2816 0.0500 
1-4(151) 0.2738 0.7593 0.6342 0.0500 
1-4(152) 0.2047 0.7570 0.4223 0.0500 
1-4(171) 0.4436 0.7349 0.6341 0.0500 
1-4(181) 	.. 0.5836 	---0.6880 -- 0.5559 	-----0.0500 -- 
H(182) 0.5131 0.6792 0.3482 0.0500 
1-1(191) 0.4451 0.6163 0.2848 0.0500 
1-1(201) 0.4724 0.5645 0.5992 0.0500 
H(202) 0.4537 0.5470 0.3766 0.0500 
 -0.0778 0.4144 0.5331 0.0500 
 0.0192 0.4416 0.6719 0.0500 
 0.0301 0.4409 0.4395 0.0500 
 -0.3551 0.5760 0.4495 0.0500 
 -0.2487 0.6024 0.3511 0.0500 
 -0.2614 0.6063 0.5826 0.0500 
H(2N) 0.0829 0.7359 0.6241 0.0500 
1-4(22) 0.3687 0.1323 0.0635 0.0500 
H(52) 0.5918 0.0004 0.0553 0.0500 
1-1(82) 0.1996 -0.0071 0.1886 0.0500 
1-1(92) 0.4734 -0.0533 -0.0061 0.0500 
 0.2420 -0.0654 0.3260 0.0500 
 0.3595 -0.0885 0.4288 0.0500 
 0.3465 -0.0038 0.4080 0.0500 
 0.4684 -0.0287 0.3597 0.0500 
H(123) 0.3607 -0.0302 -0.2434 0.0500 
H(124) 0.3523 -0.0860 -0.2192 0.0500 
H(132) 0.1633 -0.0585 -0.2659 0.0500 
H(142) 0.2244 0.0104 -0.2005 0.0500 
1-4(153) 0.2897 -0.1343 -0.0453 0.0500 
1-4(154) 0.2288 -0.1349 0.1600 0.0500 
4-4(172) 0.0540 -0.1128 	- 0.1240 0.0500 
4-1(183) -0.0869 -0.0659 0.0318 0.0500 
4-4(184) -0.0218 	- -0.0560 -0.1655 0.0500 
4-4(192) 0.0391 0.0072 -0.2152 0.0500 
4-4(203) 0.0294 0.0561 0.1098 0.0500 
4-1(204) 0.0281 0.0755 -0.1104 0.0500 
 0.5674 0.2092 0.0082 0.0500 
 0.4787 0.1836 0.1475 0.0500 
 0.4553 0.1808 -0.0858 0.0500 
H(234) 0.8428 0.0466 -0.0450 0.0500 
1-1(235) 0.7278 0.0187 -0.1312 0.0500 
1-1(236) 0.7624 0.0184 0.0998 0.0500 
H(2N') 0.4183 -0.1118 0.1643 0.0500 
1-4(31) 0.1416 0.2866 0.1706 0.0500 
H(32) 0.0001 0.3401 0.1301 0.0500 
H(310) 0.0898 0.2205 0.2699 0.0500 
H(320) -0.1183 0.3129 0.3159 0.0500 
H(331) 0.0330 0.2893 -0.2849 0.0500 
 0.3521 0.3377 0.5874 0.0500 
 0.4927 0.2827 0.5767 0.0500 
H(410) 0.4046 0.3988 0.7104 0.0500 
H(420) 0.6030 0.3004 0.7541 0.0500 
1-1(431) 0.4400 0.3364 0.1501 0.0600 
-4(11W) 0.8456 0.3348 0.6200 0.0500 
1-4(12W) 0.7500 0.3401 0.4575 0.0500 
1-4(21W) 0.6344 0.2929 0.0892 0.0500 
1-4(22W) 0.7423 0.2817 -0.0252 0.0500 
1-4(31W) 0.1463 0.1690 -0.0682 0.0500 
H(32W) 0.0751 0.2082 -0.0210 0.0500 
H(41W) 0.2978 0.4687 	- 0.7058 0.0500 
H(42W) 0.2428 0.4258 0.7890 0.0500 
H(51W) 0.3705 0.4609 0.3606 0.0500 
H(61W) 0.3078 0.2197 0.1852 0.0500 
1-1(62W) 0.3303 0.2552 0.0608 0.0500 
1-4(71W) 0.1994 0.1972 0.4992 0.0500 
H(72W) 0.2132 0.1881 0.2383 0.0500 
H(81W) 0.2844 0.2470 0.6251 0.0500 
1-4(82W) 0.2070 0.2129 0.7782 0.0500 
H(91W) 0.1837 0.3684 0.9006 0.0500 
1-4(92W) 0.1377 0.3585 0.6780 0.0500 
1-1(01W) 0.2551 0.3611 0.2705 0.0500 
1-4(02W) 0.2361 0.4037 0.2335 0.0500 
Table 3.3.2 	Anisotropic thermal - parameters inA 2 
U 11 U 22 U 33 U 23 U 1 3 	 U 1 2 
CO) 0.0295(24) 0.032(3) 0.0346(24) -0.0010(20) 0.0023(18) 	-0.0008(20) 
 0.038(3) 0.031(3) 0.0342(25) -0.0040(21) 0.0022(19) 0.0014(20) 
 0.039(3) 0.035(3) 0.032(3) -0.0061(21) 0.0035(19) 	-0.0128(22) 
 0.0296(25) 0.044(3) 0.036(3) -0.0011(22) 0.0056(19) 	-0.0099(22) 
 0.030(3) 0.043(3) 0.040(3) -0.0014(22) 0.0048(20) 0.0002(21) 
 0.0308(24) 0.031(3) 0.035(3) -0.0035(20) 0.0037(18) 	0.0013(20) 
 0.0289(23) 0.033(3) 0.0346(25) 0.0004(20) 0.0026(18) 0.0042(19) 
 0.0292(23) 0.027(3) 0.0302(23) 0.0001(18) 0.0024(17) 	-0.0002(18) 
 0.0284(23) 0.040(3) 0.038(3) -0.0032(21) -0.0002(19) 0.0011(20) 
 0.040(3) 0.035(3) 0.037(3) -0.0013(21) 0.0064(19) 	0.0043(21) 
 0.0368(25) 0.027(3) 0.040(3) -0.0042(20) 0.0071(20) -0.0002(19) 
 0.0349(25) 0.041(3) 0.037(3) 0.0022(22) 0.0002(20) 	0.0032(21) 
 0.0344(24) 0.040(3) 0.0308(24) 0.0058(21) 0.0019(19) 	-0.0005(21) 
 0.0329(24) 0.033(3) 0.0297(24) -0.0008(19) 0.0036(18) 0.0055(19) 
C(15). 0.036(3) 0.029(3) 0.055(3) 0.0015(23) 0.0025(22) 	-0.0021)21) 
 0.040(3) 0.032(3) 0.040(3) 0.0097(21). 0.0057(21) -0.0046(20) 
 0.039(3) 0.036(3) 0.046(3) 0.0074(23) 0.0024(22) 	-0.0119(22) 
 0.038(3) 0.040(3) 0.050(3) 0.0051(24) 0.0039(22) -0.0054(23) 
CC19) 0.0311(24) 0.049(3) 0.0309(24) 0.0032(22): 0.0030(19) 	0.0061(22) 
 0.033(3) 0.040(3) 0.048(3) 0.0054(23) 0.0090(21) 0.0079(21) 
 0.040(3) 0.036(3) 0.040(3) -0.0027(22) 0.0007(21) 	0.0075(22) 
 0.064(3) 0.033(3) 0.040(3) 0.0063(23) -0.0027(24) -0.0021(25) 
 0.030(3) 0.059(4) 0.079(4) 0.001(3) -0.005(3) 	-0.003(3) 
 0.0318(21) 0.0243(22) 0.0423(21) -0.0037(17) 0.0005(16) -0.0001(16) 
 0.0354(21) 0.0254(21) 0.0416(22) -0.0026(17) 0.0077(16) 	0.0038(16) 
0(1) 0.0457(21) 0.0333(24) 0.093(3) -0.0041(19) 0.0129(19) 0.0036(16) 
0(2) 0.0334(17) 0.0415(20) 0.0394(18) 0.0040(15) 0.0015(13) 	-0.0022(14) 
0(3) 0.0435(18) 0.0347(21) 0.0458(19) -0.0016(15) -0.0006(14) -0.0106(16) 
0(4) 0.0310(18) 0.0504(23) 0.0611(22) -0.0045(18) -0.0010(15) 	-0.0056(16) 
 0.0290(24) 0.039(3) 0.0340(24) 0.0014(21) -0.0001(18) -0.0033(20) 
 0.037(3) 0.031(3) 0.037(3) 0.0061(21) 0.0049(19) -0.0023(21) 
 0.043(3) 0.036(3) 0.0296(24) 0.0044(21) -0.0012(19) -0.0099(23) 
 0.0308(24) 0.039(3) 0.0330(24) 0.0035(21) 0.0001(18) -0.0032(21) 
 0.0336(25) 0.030(3) 0.038(3) 0.0028(21) 0.0007(19) 0.0021(20) 
 0.033(3) 0.032(3) 0.0340(24) 0.0009(20) 0.0010(18) -0.0004(20) 
 0.0304(23) 0.029(3) 0.037(3) 0.0045(20) 0.0053(18) 0.0021(19) 
 0.0320(24) 0.026(3) 0.0348(25) 0.0050(19) 0.0007(18) 0.0024(19) 
C(9 1 ) 0.038(3) 0.024(3) 0.043(3) 0.0035(20) 0.0048(20) -0.0030(20) 
C(10') 0.046(3) 0.034(3) 0.036(3) 0.0026(21) 0.0027(21) 0.0050(22) 
C(1V) 0.0347(24) 0.033(3) 0.041(3) 0.0081(21) -0.0046(19) 0.0007(20) 
 0.038(3) 0.039(3) 0.042(3) -0.0024(22) 0.0071(20) 0.0037(22) 
 0.0363(25) 0.037(3) 0.0333(24) -0.0057(21) 0.0011(19) -0.0002(21) 
 0.0295(23) 0.037(3) 0.0336(25) 0.0067(20) 0.0009(18) 0.0037(19) 
 0:044(3) 0.030(3) 0.054(3) 0.0037(23) 0.0028(23) -0.0051(22) 
C( 16') 0.046(3) 0.036(3) 0.0300(25) -0.0038(21) -0.0016(20) -0.0079(22) 
 0.043(3) 0.041(3) 0.045(3) -0.0089(24) -0.0001(22) -0.0097(23) 
 0.037(3) 0.063(4) 0.050(3) -0.003(3) 0.0012(23) -0.016(3) 
 0.0324(24) 0.052(3) 0.0309(25) 0.0021(22) -0.0038(19) 0.0054(23) 
 0.037(3) 0.043(3) 0.056(3) 0.003(3) -0.0036(23) 0.0111(23) 
 0.044(3) 0.033(3) 0.047(3) . 	 0.0080(22) 0.0091(23) 0.0080(22) 
 0.056(3) 0.032(3) 0.053(3) -0.0014(24) 0.0064(24) -0.0083(24) 
 0.034(3) 0.053(4) 0.077(4) 0.005(3) 0.007(3) -0.0006(25) 
 0.0337(22) 0.0311(24) 0.0436(22) 0.0038(17) 0.0020(17) -0.0012(16) 
 0.0374(21) 0.0279(22) 0.0395(22) 0.0015(17) 0.001 8(16) 0.001 8(17) 
0(1 1 ) 0.0547(23) 0.034(3) 0.112(4) 0.0139(22) 0.0008(22) 0.0088(18) 
0(2') 0.0323(17) 0.0450(22) 0.0417(19) 0.0005(16) 0.0045(14) -0.0035(15) 
0(3') 0.0462(20) 0.0363(21) 0.0511(21) 0.0053(16) 0.0080(16) -0.0106(16) 
0(4') 0.0315(18) 0.0397(21) 0.0606(22) 0.0048(17) 0.0050(15) -0.0054(14) 
 0.034(3) 0.044(3) 0.033(3) 0.0006(24) 0.0013(20) 0.0015(23) 
 0.0325(24) 0.032(3) 0.0262(23) -0.0002(19) 0.0026(18) 0.0013(20) 
 0.033(3) 0.037(3) 0.032(3) -0.0005(21) 0.0034(19) -0.0020(21) 
 0.043(3) 0.028(3) 0.035(3) 0.0026(20) ' 	0.0035(22) -0.0007(21) 
0(301) 0.090(3) 0.062(3) 0.0450(23) -0.0102(20) 0.0040(20) -0.0344(24) 
'0(302) 0.0514(22) 0.057(3) 0.0336(19) 0.0025(17). 0.0053(16) -0.0083(18) 
0(31) 0.0391(19) 0.0254(19) 0.0412(19) 0.0041(14) 0.0011(14) 0.0018(14) 
0(32) 0.0329(18) 0.0538(24) 0.0406(19) -0.0069(17) 0.0068(15) 0.0054(15) 
0(331) ' 0.0401(20) 0:076(3) 	' 0:0286(17) '. 	0:0001(18)''0.0056(15) -0.0069(18) -  
0(332) 0.0323(20) 0.088(3) 0.0474(22) -0.0194(21) -0.0051(16) 0.0019(19) 
 0.031(3) 0.050(3) 0.040(3) 0.004(3) 0.0086(21) -0.0023(24) 
 0.032(3) 0.041(3) 0.037(3) 0.0006(22) -0.0009(19) 0.0000(21) 
 0.0325(25) 0.037(3) 0.037(3) 0.0028(21) 0.0041(20) 0.0040(21) 
 0.038(3) 0.043(3) 0.037(3) -0.0039(23) 0.0038(23) 0.0068(23) 
0(401) 0.088(3) 0.075(3) 0.0515(25) 0.0086(22) 0.0089(21) -0.032(3) 
0(402) 0.0560(24) 0.060(3) 0.0369(20) -0.0031(18) 0.0019(17) -0.0018(19) 
0(41) 0.0465(21) 0.0371(22) 0.0457(21) 0.0005(16) 0.0077(16) 0.0015(16) 
0(42) 0.0354(19) 0.0553(25) 0.0410(20) 0.0068(17) -0.0001(15) 0.0049(16) 
0(431) 0.0409(21) 0.115(4) .0.0341(20) 0.0034(22) 0.0015(17) -0:0065(22) 
0(432) 0.0380(21) 0.093(3) 0.0500(22) 0.0182(21) 0.0103(17) 0.0002(20) 
0(1W) 0.0484(22) 0.058(3) 0.062(3) -0.0122(20) 0.0149(19) -0.0083(19) 
0(2W) 0.0436(21) 0.058(3) 0.065(3) 0.0135(20) -0.0033(18) -0.0069(19) 
0(3W) 0.100(4) 0.068(4) 0.107(4) 0.007(3) -0.006(3) 0.027(3) 
0(4W) 0.073(3) 0.047(3) 0.166(6) 0.005(3) 0.020(3) 0.0034(24) 
0(5W) 0.200(8) 0.123(6) 0.158(7) -0.033(5) 0.070(6) 0.039(6) 
0(6W) 0.090(4) 0.099(4) 0.101(4) 0.031(3) 0.017(3) -0.001(3) 
0(7W) 0.077)3) 0.089(4) 0.093(4) 0.014(3) -0.009(3) 0.024(3) 
0(8W) 0.097(4) 0.131(6) 0.127(5) -0.016(4) 0.027(4) -0.010(4) 
0(9W) 0.104(4) 0.067(3) 0.094(4) -0.009(3) 0.021(3) -0.017(3) 
0(1OW) 0.119(5) 0.113(5) 0.140(6) 0.021(5) 0.014(4) -0.032(4) 
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Table 3.4.1 Atomic coordinates with esds for 3.4 
x Y z ulso 
 0.2948(8) 0.0683(3) 0.2488(8) 0.030(5) 
 0.3787(8) 0.1074(3) 0.2663(9) 0.036(6) 
 0.5015(8) 0.1069(3) 0.3677(8) 0.035(6) 
 0.5400(9) 0.0670(4) 0.4511(9) 0.046(6) 
C(5). 0.4536(9) 0.0287(3) 0.4340(8) 0.040(6) 
 0.3268(8) 0.0296(3) 0.3313(8) 0.033(5) 
 0.2082(8) -0.0059(3) 0.3036(8) 0.031(5) 
 0.1216(9) 0.0125(3) 0.1604(8) 0.032(5) 
 0.2596(8) - 0.0565(3) 0.3007(9) 0.033(5) 
 0.0293(10) -0.0503(3) 0.3922(9) 0.047(6) 
 0.1166(9) -0.0064(3) 0.4234(9) 0.035(5) 
 0.2952(8) -0.0731(3) 0.1610(9) 0.036(5) 
 0.1661(9) -0.0648(3) 0.0419(9) 0.034(6) 
 0.1506(9) -0.0126(3) 0.0271(8) 0.036(5) 
 0.0565(9) -0.1147(3) 0.2190(9) 0.045(6) 
 0.0345(9) - 0.0892(3) 0.0823(10) 0.038(6) 
 -0.0904(10) -0.0874(3) -0.0036(10) 0.047(6) 
 -0.1141(10) -0.0609(3) -0.1382(10) 0.051(7) 
 0.0403(9) 0.0059(3) -0.0974(9) 0.041(6) 
 0.0185(9) 0.0590(3) -0.0817(9) 0.039(6) 
 0.1275(9) 0.0837(3) 0.0283(10) 0.040(6) 
 0.5586(10) 0.1836(3) 0.3095(10) 0.048(6) 
 0.7221(11) 0.0289(4) 0.61 28(11) 0.068(8)' 
 0.1674(7) 0.06057(23) 0.1503(7) 0.033(4) 
 0.1314(7) -0.08428(23) 0.3382(7) 0.038(5) 
0(1) 0.1706(6) 0.12312(22) 0.0025(6) 0.049(4) 
0(2) -0.0997(6) -0.01222(22) -0.1062(6) 0.046(4) 
0(3) 0.5934(6) 0.14397(20) 0.3988(6) 0.046(4) 
0(4) 0.6663(6) 0.07040(20) 0.5440(6) 0.045(4) 
C0 1 ) 0.6076(8) 0.0917(3) 0.9425(9) 0.036(6) 
 0.6222(8) 0.0520(3) 1.0235(9) 0.040(6) 
 0.7263(9) 0.0529(3) 1.1496(9) 0.042(6) 
 0.8087(9) 0.0935(3) 1.1892(9) 0.036(6) 
C(5 1 ) 0.7953(8) 0.1309(3) 1.1035(8) 0.039(6) - 	C(6') 0:6926(8) - 	- 	- 0.1310(3) 	- 09793(9) - • 0.036(6) - 	- 
 0.6659(8) 0.1659(3) 0.8618(8) 0.032(5) 
 0.5255(8) 0.1489(3) 0.7671(9) 0.037(6) 
C(91 ) 0.6590(9) 0.2170(3) 0.9117(8) 0.038(6) 
C(10') 0.7650(10) 0.2121(3) 0.6903(9) 0.047(6) 
Cli1 1 ) 0.7911(9) 0.1671(3) 0.7782(9) 0.044(6) 
 0.5131(8) 0.2330(3) 0.9393(8) 0.034(5) 
 0.4021(9) 0.2251(3) 0.8039(8) 0.034(5) 
 0.3852(8) 0.1726(3) 0.7885(9) 0.034(5) 
 0.5899(9) 0.2761(3) 0.7107(9) 0.041(6) 
 0.4501(9) 0.2488(3) 0.6778(9) 0.040(6) 
 0.3733(9) 0.2473(3) 0.5479(9) 0.043(6) 
 0.2420(10) 0.2197(3) 0.5143(10) 0.050(6) 
C)19') 0.2642(9). 0.1539(3) 0.6739(9) 0.039(6) 
 0.2756(9) 0.1018(3) 0.6618(9) 0.038(6) 
 0.3864(9) 0.0769(3) 0.7738(9) 0.038(6) 
 0.6645(9) -0.0232(3) 1.2066(10) 0.049(6) 
 0.9683(10) 0.1310(3) 1.3678(10) 0.059(7) 
Nh') 0.5108(7) 0.09990(22) 0.8131(7) 0.033(4) 
N(2') 0.7074(7) 0.24484(23) 0.7884(7) 0.035(4) 
0(1 1 ) 0.3613(6) 0.03870(23) 0.81 64(6) 0.048(4) 
0(2') 0.2698(6) 0.17055(19) 0.5341(6) 0.042(4) 
0(3') 0.7545(6) 0.01636(20) 1.2371(6) 0.044(4) 
0(4') 0.9004(6) 0.08958(21) 1.3138(6) 0.046(4) 
 0.8259(10) 0.3222(4) 0.4430(9) 0.040(6) 
 0.8191(9) 0.3006(3) 0.2988(9) 0.038(6) 
 0.91 27(9) 0.3268(3) 0.2117(9) 0.039(6) 
 0.8896(13) 0.3079(3) 0.0600(11) 0.050(7) 
0(301) 0.8898(7) 0.30068(25) 0.5470(7) 0.069(5) 
0(302) 0.7696(7) 0.36083(25) 0.4487(7) 0.064(5) 
0(31) 0.8627(7) 0.25237(22) 0.3101(7) 0.060(5) 
0(32) 1.0587(6) 0.32324(24) 0.2789(6) 0.059(5) 
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0(331) 0.9846(8) 0.28403(25) 0.0215(7) 0.074(5) 
0(332) 0.7725(8) 0.31736(22) -0.0152(6) 0.055(5) 
0(1W) 0.5140(7) 0.35845(24) 0.0338(7) 0.069(5) 
0(2W) 0.1946(8) 0.21523(25) 0.1096(9) 0.093(6) 
0(3W) 0.8987(6) 0.78396(24) 0.2238(7) 0.060(4) 
0(4W) 0.5354(9) 0.4464(3) 0.1530(8) 0.091(6) 
0(5W) 0.6842(8) 0.8519(3) 0.2276(8) 0.078(5) 
0(6W) 0.2422(8) 0.3810(3) 0.4869(8) 0.084(6) 
0(7W) 0.5040(8) 0.4095(3) 0.4108(8) 0.082(5) 
0(8W) 0.3485(11) 0.2986(4) 0.2053(10) 0.128(8) 
H(21) 0.3494 0.1378 0.2024 0.0600 
H(51) 0.4814 -0.0018 0.4979 0.0600 
H(81) 0.0084 0.0074 0.1635 0.0600 
11(91) 0.3602 -0.0607 0.3725 0.0600 
11(101) -0.0049 -0.0633 0.4874 0.0600 
H(102) -0.0640 -0.0441 	. 0.3122 0.0600 
11(111) 0.0476 0.0236 0.4179 0.0600 
11(1 12) 0.1837 -0.0079 0.5266 0.0600 
11(121) 0.3877 -0.0544 0.1371 0.0600 
H(122) 0.3194 -0.1097 0.1678 0.0600 
11(1 31) 0.1797 -0.0787 -0.0600 0.0600 
11(141) 0.2569 -0.0047 0.0050 0.0600 
 -0.0469 -0.1252 0.2432 0.0600 
 0.1219 -0.1449 0.2098 0.0600 
11(171) -0.1800 -0.1063 0.0259 0.0600 
11(1 81) -0.2213 -0.0678 -0.1944 0.0600 
H(182) -0.0358 -0.0712 -0.2033 0.0600 
H(191) 0.0859 -0.0041 -0.1895 0.0600 
11(201) -0.0869 0.0644 -0.0536 0.0600 
11(202) 0.0226 0.0747 -0.1836 0.0600 
11(221) 0.6359 0.2107 0.3415 0.0600 
 0.4519 0.1956 0.3189 0.0600 
 0.5615 0.1742 0.2005 0.0600 
H(231) 0.8215 0.0362 0.6832 0.0600 
11(232) 0.7421 0.0041 0.5338 0.0600 
11(233) 0.6447 0.0148 0.6733 0.0600 
H(2N) 0.1718 -0.1089 0.4201 0.0600 
11(321) 	...... 0.5582 	-- 0.0215 	- --- 0.9924-- 0.0600 
11(351) 0.8640 0.1606 1.1305 0.0600 
11(381) 0.5368 0.1555 0.6582 0.0600 
H(391) 0.7258 0.2218 1.0140 0.0600 
11(401) 0.6874 0.2065 	. 0.5952 0.0600 
11(402) 0.8643 0.2249 0.6620 0.0600 
H(411) 0.8932 0.1684 0.8488 0.0600 
11(412) 0.7887 0.1373 0.7098 0.0600 
H(421) 0.4825 0.2133 1.0257 0.0600 
11(422) 0.5176 0.2693 0.9665 0.0600 
H(431) 0.2983 0.2404 0.8093 0.0600 
H(441) 0.3545 0.1640 0.8895 0.0600 
 0.5747 0.3053 0.7773 0.0600 
 0.6209 0.2883 0.6132 0.0600 
11(471) 0.4094 0.2670 0.4643 0.0600 
11(481) 0.1671 0.2304 0.5823 0.0600 
11(482) 0.1952 0.2257 0.4048 0.0600 
11(491) 0.1663 0.1654 0.7082 0.0600 
11(501) 0.1709 0.0875 0.6687 0.0600 
H(502) 0.3029 0.0941 0.5587 0.0600 
11(521) 0.6985 -0.0497 1.2846 0.0600 
H(522) 0.6735 -0.0360 1.1022 0.0600 
11(523) 0.5538 -0.0139 1.2099 0.0600 
11(531) 1.0384 0.1240 1.4669 0.0600 
 0.8877 0.1560 1.3854 0.0600 
 1.0309 0.1447 1.2921 0.0600 
H(2N') 0.7921 0.2683 0.8333 0.0600 
H(31C) 0.7071 0.3001 0.2506 0.0600 
H(32C) 0.8925 0.3635 0.1990 0.0600 
11 (310) 0.7653 0.2365 0.2575 0.0600 
11(320) 1.1387 0.3172 0.2125 0.0600 
11(11W) 0.6020 0.3467 -0.0137 0.0600 
303 
H(1 2W) 0.5354 0.3908 0.0837 0.0600 
H(21W) 0.0980 0.2345 0.1129 0.0600 
H(22W) 0.1670 0.1800 0.0836 0.0600 
H(31 W) 0.9672 0.7901 0.3221 0.0600 
H(32W) 0.9622 0.7745 0.1450 0.0600 
H(41 W) 0.4934 0.4399 0.2496 0.0600 
H(42W) 0.6332 0.4663 0.1807 0.0600 
H(51W) 0.7879 0.8360 0.2286 0.0600 
H(52W) 0.6139 0.8397 0.1333 0.0600 
H(61W) 0.2946 0.3687 0.5897 0.0600 
H(62W) 0.1951 0.3518 0.4276 0.0600 
H(71W) 0.5837 0.3825 0.4094 0.0600 
H(72W) 0.4041 0.3930 0.4236 0.0600 
H(81W) 0.3028 0.2712 0.1357 0.0600 
H(82W) 0.3649 0.3281 0.1405 0.0600 
Table 3.4.2 	Anisotropic thermal parameters in A 2 
U 1 1 U22 U33 U23 U 13 U12 
 0.025(5) 0.039(6) 0.025(5) -0.003(4) 0.000(4) -0.003(4) 
 0.034(5) 0.038(6) 0.034(5) 0.001(4) -0.003(5) -0.001(4) 
 0.034(5) 0.038(6) 0.032(6) -0.008(5) 0.007(5) -0.005(5) 
 0.042(6) 0.065(7) 0.028(5) 0.017(5) -0.007(5) -0.006(5) 
 0.050(6) 0.035(6) 0.032(5) -0.001(4) -0.004(5) 0.000(5) 
 0.031(5) 0.035(6) 0.033(5) -0.001(5) 0.005(4) 0.006(4) 
 0.028(5) 0.035(5) 0.028(5) 0.005(4) 0.000(4) 0.002(4) 
 0.045(5) 0.023(5) 0.024(5) -0.002(4) -0.001(4) -0.016(4) 
 0.034(5) 0.032(5) 0.033(5) 0.006(4) 0.004(4) 0.003(4) 
 0.051(6) 0.047(7) 0.042(6) 0.011(5) 0.017(5) 0.010(5) 
 0.044(5) 0.022(5) 0.039(5) -0.002(4) 0.014(4) -0.002(4) 
 0.030(5) 0.030(5) 0.047(6) 0.005(4) 0.006(4) -0.007(4) 
 0.047(6) 0.025(5) 0.030(5) 0.005(4) 0.007(4) 0.005(4) 
 0.040(5) 0.040(6) 0.027(5) 0.016(4) 0.004(4) 0.005(4) 
 0.032(5) 0.046(6) 0.055(6) 0.000(5) 0.006(5) -0.013(5) 
 0.029(5) 0.031(5) 0.052(6) -0.002(5) 0.002(5) -0.010(4) 
 0.057(7) 0.040(6) 0.043(6) 0.001(5) 0.002(5) -0.002(5) 
 0.055(6) 0.026(6) 0.065(7) -0.010(5) -0.021(5) -0.013(5) 
 0.029(5) 0.058(7) 0.032(5) -0.002(5) 	- -0.012(4): -0.010(5) 
 0.048(5) 0.035(6) 0.031(5) 0.003(4) -0.003(4) 0.000(4) 
 0.036(6) 0.041(6) 0.041(6) -0.008(5) 0.002(5) 0.004(5) 
 0.067(7) 0.031(6) 0.045(6) 0.003(5) 0.004(5) -0.012(5) 
 0.068(7) 0.052(7) 0.075(8) 0.01 9(6) -0.026(6) -0.002(6) 
 0.039(4) 0.029(5) 0.029(4) 0.002(4) -0.004(4) 0.005(3) 
 0.037(4) 0.036(5) 0.040(5) 0.005(4) 0.007(4) -0.005(4) 
0(1) 0.057(4) 0.034(4) 0.053(4) 0.000(3) -0.010(3) -0.012(3) 
0(2) 0.040(4) 0.046(4) 0.048(4) 0.011(3) -0.004(3) -0.004(3) 
0(3) 0.051(4) 0.045(4) 0.039(4) -0.002(3) 0.002(3) -0.023(3) 
0(4) 0.042(4) 0.051(4) 0.039(4) -0.002(3) -0.007(3) -0.009(3) 
C(1) 0.024(5) 0.045(6) 0.040(6) 0.000(5) 0.006(4) 0.006(5) 
 0.030(5) 0.049(6) 0.040(6) 0.01 2(5) 0.006(5) 0.001(4) 
 0.036(5) 0.049(6) 0.040(6) 0.01 7(5) 0.009(5) 0.009(5) 
 0.034(5) 0.034(6) 0.038(6) 0.004(5) 0.004(5) 0.000(4) 
C(5) 0.029(5) 0.057(7) 0.029(5) -0.008(5) -0.005(4) -0.007(5) 
 0.038(5) 0.028(5) 0.042(6) 0.007(5) 0.012(5) 0.005(4) 
 0.019(5) 0.038(5) 0.037(5) -0.012(4) 0.004(4) -0.004(4) 
 0.036(5) 0.025(5) 0.049(6) -0.002(4) 0.006(4) 0.000(4) 
 0.060(6) 0.031(5) 0.022(5) -0.003(4) 0.005(4) -0.006(4) 
 0.054(6) 0.044(6) 0.043(6) -0.017(5) 0.022(5) -0.002(5) 
C(11') 0.042(6) 0.041(6) 0.048(6) 0.009(5) 0.008(5) -0.012(5) 
C(12) 0.037(5) 0.030(5) 0.034(5) 0.000(4) -0.002(4) 0.009(4) 
 0.044(6) 0.024(5) 0.034(5) 0.008(4) 0.006(4) -0.002(4) 
 0.025(5) 0.034(5) 0.042(6) -0.009(4) 0.006(4) -0.004(4) 
 0.050(6) 0.028(5) 0.044(6) -0.003(5) 0.003(5) -0.004(5) 
 0.043(6) 0.035(6) 0.042(6) -0.005(5) 0.008(5) 0.005(5) 
 0.053(6) 0.043(6) 0.030(6) -0.005(5) -0.010(5) 0.006(5) 
C(18') 0.061(7) 0.044(6) 0.040(6) 0.007(5) -0.016(5) 0.002(5) 
C(191 0.028(5) 0.051(6) 0.036(5) -0.001(5) 0.006(4) 0.005(4) 
 0.037(5) 0.033(6) 0.042(6) 0.008(4) 0.005(4) -0.001(4) 
 0.039(6) 0.036(6) 0.038(6) -0.003(5) 0.007(5) 0.002(5) 
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 0.042(6) 0.034(6) 0.067(7) 0.020(5) -0.002(5) -0.008(5) 
 0.057(6) 0.053(7) 0.058(7) 0.005(5) -0.035(5) -0.012(6) 
 0.034(4) 0.029(4) 0.035(4) 0.001(3) 0.001(4) -0.004(4) 
 0.035(4) 0.033(4) 0.036(4) 0.004(4) -0.003(3) -0.007(3) 
0(1 1 ) 0.050(4) 0.036(4) 0.054(4) -0.001(4) -0.005(3) -0.013(3) 
0(2') 0.052(4) 0.037(4) 0.035(4) 0.001(3) -0.006(3) 0.000(3) 
0(3') 0.038(4) 0.041(4) 0.050(4) 0.015(3) -0.001(3) -0.002(3) 
0(4') 0.037(4) 0.047(4) 0.049(4) 0.008(3) -0.010(3) 0.001(3) 
 0.047(6) 0.055(7) 0.017(5) -0.009(5) 0.004(4) -0.012(5) 
 0.045(6) 0.024(5) 0.043(6) 0.001(4) -0.003(5) 0.001(4) 
 0.039(6) 0.045(6) 0.031(5) 0.004(5) 0.006(4) -0.007(5) 
 0.078(8) 0.024(5) 0.050(7) 0.006(5) 0.025(6) -0.016(6) 
0(301) 0.084(5) 0.076(5) 0.044(4) 0.011(4) 0.008(4) -0.006(4) 
0(302) 0.067(5) 0.063(5) 0.056(5) -0.026(4) -0.007(4) 0.014(4). 
0(31) 0.073(5) 0.046(4) 0.058(4) -0.003(4) 0.006(4) -0.013(4) 
0(32) 0.044(4) 0.086(5) 0.045(4) -0.006(4) 0.005(3) -0.012(4) 
0(331) 0.104(6) 0.071(5) 0.049(4) 0.005(4) 0.031(4) 0.037(5) 
0(332) 0.079(5) 0.050(4) 0.033(4) 0.005(3) 0.002(4) -0.012(4) 
0(1W) 0.081(5) 0.058(5) 0.067(5) -0.009(4) 0.020(4) -0.009(4) 
0(2W) 0.096(6) 0.047(5) 0.131(7) -0.006(5) 0.001(6) 0.014(4) 
0(3W) 0.052(4) 0.071(5) 0.055(4) -0.006(4) 0.014(3) -0.025(4) 
0(4W) 0.128(7) 0.060(5) 0.084(6) -0.010(4) 0.036(5) -0.023(5) 
0(5W) 0.081(5) 0.069(5) 0.081(5) -0.004(4) 0.001(4) -0.016(4) 
0(6W) 0.086(6) 0.092(6) 0.071(5) -0.018(5) 0.007(4) -0.016(5) 
0(7W) 0.072(5) 0.087(6) 0.083(5) 0.002(5) 0.005(5) 0.007(4) 
0(8W) 0.165(9) 0.118(8) 0.107(7) -0.029(6) 0.080(7) -0.041(7) 
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Table 3.5.1 Atomic coordinates with esds for 3.5 
x Y z u lso 
 0.6773(10) 0.3400(9) 1.0147(5) 0.041(8) 
 0.6304(9) 0.3797(9) 0.9729(4) 0.038(8) 
 0.5171(10) 0.3901(8) 0.9732(4) 0.040(8) 
 0.4536(10) 0.3611(10) 1 .0138(5) 0.048(9) 
 0.5036(10) 0.3186(9) 1.0553(5) 0.041(7) 
 0.6165(10) 0.3057(9) 1.0533(4) 0.042(8) 
 0.6870(10) 0.2565(10) 1.0908(5) 0.045(9) 
 0.8038(9) 0.2894(10) 1.0765(4) 0.037(8) 
 0.6594(12) 0.2688(11) 1.1458(5) 0.061(10) 
 0.7308(12) 0.1141(13) 1.1322(6) 0.068(11) 
Cli1) 0.6764(11) 0.1496(10) 1.0867(4) 0.047(9) 
CO 2) 0.7054(11) 0.3586(13) 1.1699(5) 0.064(10) 
C(i 3) 0.831 2(12) 0.3564(11) 1.1644(5) 0.056(9) 
 0.8518(10) 0.3690(11) 1.1078(4) 0.046(8) 
 0.7945(12) 0.1997(13) 1.2094(5) 0.071(11) 
C(i 6) 0.8734(12) 0.2650(13) 1.1859(5) 0.065(11) 
 0.9826(11) 0.2456(12) 1.1848(5) 0.059(9) 
 1.0628(12) 0.3082(13) 1.1612(5) 0.074(12) 
 0.9716(10) 0.3803(11) 1.0908(5) 0.053(9) 
 0.9782(10) 0.3749(10) 1.0335(5) 0.054(9) 
 0.8745(10) 0.3740(11) 1.0036(6) 0.053(9) 
 0.5236(12) 0.4580(10) 0.8929(5) 0.056(10) 
 0.2829(10) 0.3705(13) 1.0546(5) 0.071(10) 
NO) 0.7912(8) 0.3260(8) 1.0253(4) 0.040(6) 
N(2) 0.7020(9) 0.1829(10) 1.1729(4) 0.063(8) 
0(1) 	. 0.8673(7) 0.4107(7) 0.9619(3) 0.058(6) 
0(2) 1.0450(7) 0.3123(8) 1.1081(4) 0.064(7) 
0(3) 0.4614(6) 0.4265(7) 0.9345(3) 0.052(6) 
0(4) 0.3465(7) 0.3807(6) 1.01 04(3) 0.049(6) 
0(1W) 0.8140(16) 0.3739(15) 0.8640(6) 0.149(14) 
0(2W) 0.7976(13) 0.0379(10) 0.7878(6) 0.129(12) 
0(3W) 0.8721(11) 0.7869(10) 1.1887(5) 0.112(10) 
0(4W) 1.0000 0.9785(20) 0.7500 0.182(11) 
S(1) 1.0000 0.4218(4) 0.7500 0.057(4) 
0(1S) 1.0000 	- 0.3268(9) . 	0.7500 0.183(23) 
0(2S) 1.1034(10) 0.4523(7) 0.741 7(11) 0.18(3) 
0(3S) 0.9333(22) 0.4523(7) 0.7140(8) 0.27(5) 
0(4S) 0.966(3) 0.4523(7) 0.7951(7) 0.29(5) 
11 (2) 0.6791 0.4011 0.9412 0.0600 
H(5) 0.4560 0.2967 1.0872 0.0600 
 0.8589 0.2313 1.0815 0.0600 
 0.5717 0.2765 1.1487 0.0600 
11(101) 0.7011 0.0455 1.1414 0.0600 
1-4(102) 0.8185 0.1117 1.1269 0.0600 
11(111) 0.7171 0.1242 1.0536 0.0600 
11(112) 0.5914 0.1290 1.0859 0.0600 
11(1 21) 0.6723 0.4191 1.1514 0.0600 
11(122) 0.6835 0.3604 1.2090 0.0600 
11(13) 0.8744 0.4103 1.1844 0.0600 
11(14) 0.8099 0.4341 1.1017 0.0600 
1-1(151). 0.8350 0.1348 1.2178 0.0600 
H(152) 0.7624 0.2295 1.2434 0.0600 
1-1(17) 1.0112 0.1821 1.2019 0.0600 
1-4(181) 1.1445 0.2832 1.1686 0.0600 
11(182) 1.0535 0.3772 1.1765 0.0600 
11(19) 0.9952 0.4468 1.1061 0.0600 
11(201) 1.0216 0.3115 1.0246 0.0600 
11(202) 1.0256 0.4340 1.0211 0.0600 
1-4(221) 0.4689 0.4852 0.8648 0.0600 
11(222) 0.5696 0.4006 0.8776 0.0600 
11(223) 0.5793 0.5120 0.9047 0.0600 
11(231) 0.1989 0.3883 1.0465 0.0600 
 0.3139 0.4160 1.0834 0.0600 
 0.2872 0.2993 1.0673 0.0600 
H(2N) 0.6393 0.1563 1.1975 0.0600 
1-4(11W) 0.8016 0.4114 0.8322 0.0600 
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H(1 2W) 0.8916 0.3525 0.8621 0.0600 
H(31W) 0.9156 . 0.7849 1.1568 0.0600 
H(32W) 0.9276 0.7690 1.2152 0.0600 
Table 3.5.2 	Anisotropic thermal parameters in A 2 
U 1 1 U22 U33 U23 U13 U 1 2 
CO) 0.047(8) 0.043(9) 0.033(8) 0.001(7) -0.007(7) 0.012(7) 
 0.034(8) 0.039(8) 0.041(8) 0.003(7) 0.008(6) -0.011(7) 
 0.042(8) 0.037(8) 0.043(8) 0.007(7) -0.003(7) 0.003(7) 
 0.026(7) 0.056(10) 0.063(10) -0.012(8) -0.010(7) 0.001(7) 
 0.027(6) 0.054(8) 0.042(7) 0.007(7) - 0.015(6) -0.005(7) 
 0.046(8) 0.047(9) 0.033(7) 0.003(7) -0.004(7) 0.005(8) 
 0.029(8) 0.068(11) 0.038(8) 0.010(7) 0.006(6) 0.007(7) 
 0.01 8(6) 0.071(11) 0.022(6) 0.005(6) 0.002(5) 0.002(7) 
 0.050(9) 0.080(12) 0.053(10) 0.005(9) 0.012(8) 0.032(9) 
 0.055(10) . 0.073(12) 0.076(11) 0.027(10) 0.026(9) 0.005(9) 
 0.037(8) 0.059(11) 0.045(8) 0.014(7) 0.014(7) 0.003(7) 
 0.057(9) 0.106(14) 0.029(7) 0.001(9) 0.016(7) 0.041(10) 
 0.065(10) 0.065(10) 0.037(8) -0.011(8) -0.006(7) 0.029(9) 
 0.038(7) 0.058(9) 0.043(8) -0.020(8) 0.000(6) 0.017(8) 
 0.049(9) 0.120(16) 0.045(9) 0.018(10) 0.000(8) 0.022(11) 
 0.055(10) 0.109(14) 0.032(8) -0.007(9) -0.018(8) 0.023(11) 
 0.038(9) 0.087(11) 0.052(8) 0.009(9) 0.003(7) 0.010(10) 
 0.050(10) 0.103(14) 0.068(11) -0.007(11) -0.041(8) 0.020(11) 
 0.046(9) 0.063(10) 0.050(8) -0.017(8) -0.017(7) 0.022(8) 
 0.027(7) 0.050(8) 0.084(11) 0.002(9) -0.018(7) -0.010(8) 
 0.047(9) 0.053(10) 0.058(9) -0.007(9) 0.027(8) 0.005(9) 
 0.049(9) 0.056(10) 0.064(10) 0.008(8) -0.015(8) -0.011(8) 
 0.034(8) 0.111(13) 0.067(10) -0.013(11) 0.009(9) 0.003(10) 
 0.030(5) 0.047(7) 0.043(7) 0.000(6) -0.002(5) -0.003(6) 
 0.035(6) 0.103(11) 0.052(8) 0.028(8) -0.006(6) 0.006(7) 
0(1) 0.044(6) 0.074(7) 0.055(6) 0.014(5) 0.012(5) -0.012(6) 
0(2) 0.033(5) 0.086(8) 0.072(7) 0.003(6) -0.010(5) 0.009(6) 
0(3) 0.028(5) 0.071(7) 0.058(6) 0.019(6) -0.009(5) -0.006(5) 
0(4) 0.027(4) 0.063(7) 0.055(6) -0.005(5) -0.007(4) 0.002(5) 
0(1W) 	. 0.160(14) 0.197(18) 0.089(10) . 	 0.025(11) 0.044(10) 0.038(15) 
0(2W) 0.136(11) 0.114(12) 0.137(13) 0.026(9) 0.004(11) 0.003(10) 
0(3W) 0.100(10) 0.111(11) 0.127(11) 0.023(10) 0.028(9) . 	 0.031(9) 
S(1) 0.061(4) 0.052(4) 0.057(4) 0.0000 0.008(3) 0.0000 
Q(1S) 0.183(23) 0.072(15) 0.29(3) 0.0000 0.174(23) 0.0000 
0(2S) 0.100(21) 0.17(3) 0.26(5) 0.17(3) -0.12(3) -0.100(23) 
0(3S) 0.36(6) 0.23(4) 0.22(4) 0.20(4) -0.31(5) -0.20(4) 
0(4S) 0.55(9) 0.16(3) 0.17(3) -0.11(3) 0.31(5) -0.23(5) 
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Table 4.1.1 Atomic coordinates with esds for 4.1 
x V z Ulso 
 0.2866(5) -0.0391(5) 0.07274(20) 0.037(3) 
 0.3862(5) -0.0822(6) 0.02033(24) 0.050(3) 
 0.4875(5) -0.1873(6) 0.0358(3) 0.055(3) 
 0.4907(6) -0.2512(6) 0.1025(3) 0.052(3) 
 0.3910(5) -0.2062(5) 0.15532(24) 0.047(3) 
 0.2879(5) -0.1003(5) 0.13981(21) 0.039(3) 
 0.1759(5) -0.0295(5) 0.18847(20) 0.0351(23) 
 0.0730(5) 0.0558(5) 0.13473(19) 0.0353(24) 
 0.0784(5) -0.1240(5) 0.23618(20) 0.038(3) 
C(l0) 0.1362(5) 0.0915(6) 0.29742(23) 0.051(3) 
 0.2631(5) 0.0596(5) 0.24489(21) 0.040(3) 
 -0.0704(5) -0.1819(5) 0.20124(22) 0.044(3) 
 -0.1745(5) -0.0663(5) 0.17339(22) 0.041(3) 
 -0.0879(5) -0.0021(5) 0.11015(21) 0.040(3) 
 -0.1339(5) -0.0079(6) 0.30679(23) 0.052(3) 
 -0.2054(5) 0.0318(6) 0.23425(22) 0.044(3) 
 -0.2889(6) 0.1419(7) 0.2259(3) 0.061(4) 
 -0.3570(6) 0.1824(8) 0.1538(3) 0.079(4) 
 -0.1740(5) 0.1080(5) 0.06591(23) 0.046(3) 
 -0.0634(6) 0.1738(6) 0.01 37(3) 0.057(3) 
 0.1008(5) 0.1128(5) 0.00660(25) 0.047(3) 
 0.1679(4) 0.0632(4) . 	0.06965(17) 0.0384(21) 
 0.0394(4) -0.0359(5) 0.30078(18) 0.0449(24) 
0(1) 0.1661(4) 0.1113(5) -0.04984(17) . 	0.071(3) 
0(2) -0.2309(4) 0.21 76(4) 0.10681(17) 0.0648(24) 
 1.2327(8) 0.4669(7) 0.2833(3) 0.081(4) 
 1.3546(8) 0.4538(8) 0.2366(4) 0.089(5) 
 1.3190(10) 0.4385(6) 0.1647(4) 0.084(5) 
 1.1731(10) 0.4384(7) 0.1394(3) 0.087(5) 
 1.0496(7) 0.4504(7) 0.1835(3) 0.070(4) 
c(6') 1.0768(7) 0.4674(6) 0.2557(3) 0.062(3) 
 0.9387(8) 0.4908(7) 0.3023(3) 0.095(5) 
 0.8024(6) 0.3804(6) 0.3938(3) 0.052(3) 
C(91 ) 0.6928(5) 0.2683(5) 0.49696(23) 0.045(3) 
CO OT 0.6090(6) ....- 0.1293(6).- .. - 049235(25) - 	- . 	-0.060(3) 
C(11') 0.7237(8) 0.0139(6) 0.5036(3) 0.076(4) 
C(1 2') 0.51 36(6) 0.1157(8) 0.421 8(3) 0.081(4) 
C(13') 0.7608(6) 0.3011(5) 0.57161(24) 0.050(3) 
N(1') 0.8100(5) 0.2834(4) 0.44217(20) 0.0444(24) 
0(1 1 ) 	 - 0.9326(4) 0.3806(4) 0.35355(17) 0.0626(22) 
0(2') 0.6910(5) 0.4549(5) 0.38229(25) 0.109(4) 
0(3') 0.6783(4) 0.2871(4) 0.62396(16) 0.0662(24). 
0(4') 0.8983(5) 0.3478(7) 0.57644(19) 0.109(4) 
0(1W) 0.1162(6) 0.1567(7) 0.4875(3) 0.114(4) 
0(2W) 0.6275(7) 0.7251(6) 0.3346(4) 0.131(5) 
M(21) 0.3843 -0.0338 -0.0318 0.0600 
H(31) 0.5663 -0.2215 -0.0047 0.0600 
H(41) 0.5702 -0.3351 0.1132 0.0600 
H(51) 0.3942 -0.2534 0.2077 0.0600 
H(81) 0.0462 0.1495 0.1617 0.0600 
H(91) 0.1467 -0.2137. 0.2494 0.0600 
 0.0640 0.1753 0.2782 0.0600 
 0.1885 0.1159 0.3497 0.0600 
)4(1 11) 0.3071 0.1510 0.2208 0.0600 
H(112) 0.3601. 0.0052 0.2710 0.0600 
H(121) -0.0403 -0.2467 0.1570 0.0600 
)-(122) -0.1329 -0.2401 0.2402 0.0600 
11(131) -0.2901 -0.0995 0.1540 0.0600 
11(141) -0.0792 -0.0883 0.0748 0.0600 
11(151) -0.1921 -0.0978 0.3257 0.0600 
11(1 52) -0.1496 0.0739 0.3444 0.0600 
11(1 71) -0.3088 0.2055 0.2719 0.0600 
11(181) -0.4337 0.2689 0.1597 0.0600 
11(1 82) -0.4244 0.0989 0.1307 0.0600 
H(191) -0.2720 0.0545 0.0400 0.0600 
11(201) -0.1219 0.1704 -0.0390 0.0600 
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H(202) -0.0477 0.2780 0.0302 0.0600 
H(2N) 0.0768 -0.0777 0.3405 0.0600 
H(11') 1.2577 0.4762 0.3405 0.0600 
H(21') 1.4762 0.4561 0.2566 0.0600 
H(31') 1.4138 0.4262 0.1281 0.0600 
H(41') 1.1498 0.4286 0.0821 0.0600 
11(51') 0.9297 0.4464 0.1614 0.0600 
11(71') 0.8306 0.4929 0.2694 0.0600 
11(72') 0.9529 0.5860 0.3305 0.0600 
11(91') 0.6016 0.3428 0.4858 0.0600 
H(301) 0.5281 0.1237 0.5357 0.0600 
H(311) 0.7891 0.0272 0.5542 0.0600 
11 (312) 0.8049 0.0123 0.4603 0.0600 
11 (313) 0.6594 -0.0806 0.5044 0.0600 
 0.4330 0.2002 0.4158 0.0600 
 0.4472 0.0222 0.4218 0.0600 
11(323) 0.5927 0.1151 0.3776 0.0600 
H(1N') 0.8953 0.2499 0.4543 0.0600 
11(11W) 0.0858 0.0618 0.4755 0.0600 
11(12W) 0.1155 0.1917 0.5416 0.0600 
H(21W) 0.6430 0.7189 0.3907 0.0600 
11(22W) 0.5868 0.6371 0.3321 0.0600 
Table 4.1.2 Anisotropic thermal parameters in A 2 
U 11 U22 U33 U23 U13 	 U12 
 0.0347(24) 0.045(3) 0.0301(23) -0.0007(22) 0.0009(18) 	-0.0064(24) 
 0.041(3) 0.067(4) 0.043(3) -0.002(3) 0.0018(23) -0.011(3) 
 0.038(3) 0.068(4) 0.058(3) -0.016(3) 0.0091(24) 	0.000(3) 
 0.042(3) 0.050(3) 0.064(3) -0.016(3) 0.006(3) 0.0018(24) 
 0.043(3) 0.049(3) 0.049(3) -0.004(3) 0.0035(22) 	0.001(3) 
 0.040(3) 0.040(3) 0.038(3) -0.0056(22) 0.0040(20) 0.001 5(23) 
 0.0414(24) 0.0332(25) 0.0308(21) 0.0009(21) 0.0008(19) 	0.0020(23) 
 0.0378(24) 0.042(3) 0.0262(21) .0.0054(21) 0.0034(18) -0.0038(22) 
 0.044(3) 0.032(3) 0.0377(24) 0.0059(21) 0.0033(20) 	0.0067(23) 
 0.052(3) 0.060(4) 0.040(3) -0.0162(25) -0.0035(22) 0.003(3) 
 0.042(3) 0.044(3) 0.0355(23) -0.0014(23) -0.0048(20) 	-0.0014(24) 
 0.056(3) 0.036(3) 0.0385(24) 0.0040(22) 0.0093(22) -0M10(3) 
 0.040(3) 	- 0.046(3) 0.0380(24) 0.0013(22) 0.0036(20) 	-0.0110(23) 
 0.044(3) 0.046(3) 0.0313(22) -0.0001(21) 0.0002(20) -0.0094(24) 
 0.038(3) 0.075(4) 0.042(3) 0.001(3) 0.0073(21) 	0.004(3) 
 0.0344(25) 0.060(4) 0.0373(24) 0.0026(24) 0.0042(20) 0.002(3) 
 0.049(3) 0.084(5) 0.052(3) 0.000(3) 0.0041(25) 	0.022(3) 
 0.055(3) 0.127(6) 0.056(3) 0.003(4) 0.010(3) 0.045(4) 
 0.045(3) 0.055(3) 0.0368(24) 0.0079(25) -0.0057(22) 	0.006(3) 
 0.058(3) 0.058(3) 0.055(3) 0.020(3) -0.007(3) 0.002(3) 
 0.043(3) 0.061(3) 0.037(3) 0.0137(25) -0.0020(22) 	-0.008(3) 
 0.0402(21) 0.0391(22) 0.0361(20) 0.0034(18) 0.0042(16) -0.0030(19) 
 0.0500(24) 0.057(3) 0.0277(19) 0.0020(20) -0.0003(17) 	0.01 02(23) 
0(1) 0.0623(23) 0.112(4) 0.0373(19) 0.0277(21) 0.0075(17) -0.0013(23) 
0(2) 0.074(3) 0.066(3) 0.0549(21) 0.0083(20) -0.0013(19) 	0.0311(21) 
 0.102(5) 0.081(5) 0.061(4) -0.027(4) -0.003(4) 0.003(4) 
 0.062(4) 0.080(5) 0.126(6) -0.003(5) 0.006(4) 	0.001(4) 
 0.119(6) 0.057(4) 0.077(5) 0.014(4) 0.046(4) 0.011(4) 
 0.129(6) 0.070(5) 0.062(4) 0.005(3) 0.006(4) 	0.024(5) 
C(5 1 ) 0.080(4) 0.069(4) 0.062(4) 0.01 3(3) 0.002(3) -0.003(4) 
 0.083(4) 0.046(3) 0.056(3) 0.015(3) 0.020(3) 	0.009(3) 
 0.105(5) 0.077(5) 0.107(5) 0.050(4) 0.063(4) 0.029(4) 
 0.049(3) 0.049(3) 0.057(3) 0.010(3) 0.0145(24) 	0.010(3) 
 0.038(3) 0.057(3) 0.041(3) -0.0049(23) 0.0113(21) 0.0007(23) 
 0.064(3) 0.074(4) 0.043(3) -0.013(3) 0.0137(24) 	-0.024(3) 
 0.100(5) 0.066(4) 0.062(3) 0.003(3) 0.012(3) -0.030(4) 
 0.052(3) 0.114(6) 0.077(4) -0.029(4) -0.002(3) 	-0.028(4) 
 0.057(3) 0.050(3) 0.043(3) -0.0160(25) 0.0055(24) 	-0.010(3) 
N(1) 0.0445(24) 0.050(3) 0.0382(21) 0.0050(20) 0.0056(18) 0.0043(21) 
0(1 1 ) 0.0727(24) 0.0559(23) 0.0603(20) 0.0162(19) 0.0289(18) 	0.0135(20) 
0(2') 0.092(3) 0.113(4) 0.124(4) 0.065(3) 0.055(3) 0.050(3) 
0(3') 0.0697(24) 0.092(3) 0.0369(17) -0.0067(19) 0.0122(17) 	-0.0158(22) 
0(4') 0.071(3) 0.205(6) 0.0517(21) -0.046(3) 0.0135(19) -0.072(3) 
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0(1W) 	0.104(4) 	0.125(5) 	0.113(4) 	0.006(4) 	0.021(3) 	0.039(4) 
0(2W) 0.117(5) 0.079(4) 0.201(6) 0.037(4) 0.075(5) 0.004(3) 
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Table 4.2.1 Atomic coordinates with esds for 4.2 
x Y z ulso 
 0.46557(21) 0.2158(9) 0.5308(10) 0.030(5) 
 0.49398(23) 0.1803(9) 0.6232(11) 0.038(6) 
 0.48921(20) 0.0752(10) 0.7344(11) 0.039(6) 
 0.45526(23) 0.0135(8) 0.7528(10) 0.037(6) 
 0.42591(23) 0.0510(9) 0.6594(10) 0.035(5) 
 0.43146(20) 0.1528(9) 0.5462(10) 0.028(5) 
 0.40389(20) 0.2120(8) 0.4311(9) 0.025(5) 
 0.42909(19) 0.2975(8) 0.3207(9) 0.026(5) 
 0.37935(19) 0.1058(8) 0.3495(10) 0.031(5) 
 0.34614(21) 0.3258(9) 0.3923(10) 0.037(5) 
 0.37607(21) 0.3079(9) 0.5137(9) 0.037(6) 
 0.39527(20) 0.0406(8) 0.2048(10) 0.033(5) 
 0.40570(22) 0.1550(8) 0.0907(10) 0.032(5) 
 0.43859(20) 0.2297(8) 0.1638(10) 0.030(5) 
 0.33821(20) 0.2052(9) 0.1414(9) 0.036(6) 
 0.37273(22) 0.2482(9) 0.0598(9) 0.030(5) 
 0.37503(24) 0.3588(10) -0.0285(10) 0.043(6) 
 0.40984(23) 0.4064(10) -0.1027(11) 0.049(6) 
 0.45891(23) 0.3407(10) 0.0665(10) 0.037(6) 
 0.48761(22) 0.4171(9) 0.1657(11) 0.040(6) 
 0.49373(25) 0.3647(9) 0.3302(11) 0.038(6) 
 0.46433(18) 0.3134(7) 0.4049(8) 0.029(4) 
 0.34448(17) 0.1868(7) 0.31 20(7) 0.034(5) 
0(1) 0.52399(15) 0.3707(7) 0.3917(7) 0.056(4) 
0(2) 0.43611(15) 0.4488(6) 0.0087(7) 0.042(4) 
 0.91702(24) 0.8004(9) 0.4314(12) 0.049(6) 
 0.9318(3) 0.8233(10) 0.5758(14) 0.062(8) 
 0.9106(3) 0.8294(9) 0.7070(13) 0.061(8) 
 0.8729(3) . 0.8076(9) 0.6931(12) 0.057(7) 
 0.8573(3) 0.7844(9) 0.5496(12) 0.051(7) 
 0.87900(24) 0.7774(9) 0.4175(12) 0.047(6) 
 0.86305(21) 0.7445(10) 0.2606(12) 0.049(6) 
C(8 1 ) 0.82041(23) 0.5791(10) 0.1645(12) 0.038(6) 
C(9 1 ) 0.76551(20) 0.4492(9) 0.1168(10) 0.032(5). 
- 0.75417(23i 0.2966(10) 0:1271(11 0.048(6) 
 0.74187(25) 0.2492(9) 0.2837(12) 0.062(7) 
 0.7695(3) -0.0214(11) 0.2743(15) 0.095(9) 
C(1 3') 0.73450(24) 0.5501(9) 0.1511(11) 0.036(6) 
N(1') 0.79724(16) 0.4803(7) 0.2112(8) 0.035(5) 
0(1 1 ) 0.84170(14) 0.6206(6) 0.2853(7) 0.050(4) 
0(2') 0.82433(16) 0.6271(7) 0.0349(8) 0.058(5) 
0(3 1 ) 0.73871(15) 0.6430(7) 0.2459(8) 0.053(4) 
0(4') 0.70588(14) 0.5327(6) 0.0672(7) 0.044(4) 
S(1') 0.72698(8) 0.0680(3) 0.2899(4) 0.0763(21) 
H(21) 0.5198 0.2322 0.6112 0.0600 
(1(31) 0.5118 0.0420 0.8057 0.0600 
-(41) 0.4516 -0.0648 0.8418 0.0600 
(1(51) 0.3997 0.0025 0.6741 0.0600 
(1(81) 0.4145 0.3919 0.2942 0.0600 
(1(91) 0.3749 0.0173 0.4247 0.0600 
(11101) 0.3530 0.4069 0.3104 0.0600 
HI 102) 0.3206 0.3499 0.4475 0.0600 
H(111) 0.3882 0.4067 0.5430 0.0600 
('1(112) 0.3656 0.2596 0.6183 0.0600 
 0.4191 -0.0188 0.2357 0.0600 
 0.3755 -0.0271 0.1514 0.0600 
(1(1 31) 0.4135 0.1169 -0.0230 0.0600 
H(141) 0.4571 0.1431 0.1743 0.0600 
 0.3288 0.1083 0.0926 0.0600 
 0.3178 0.2844 0.1239 0.0600 
H(171) 0.3508 0.4190 -0.0486 0.0600 
(1(1 81) 0.4040 0.4929 -0.1789 0.0600 
(1(182) 0.4209 0.3217 -0.1704 0.0600 
(1(191) 0.4704 0.2817 -0.0285 0.0600 
(1(201) 0.4794 0.5246 0.1738 0.0600 
(1(202) 0.5132 0.4102 0.1044 0.0600 
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H(2N) 0.3218 0.1268 0.3547 0.0600 
H(11') 0.8341 0.7997 0.3288 0.0600 
11(21') 0.9608 0.8367 0.5865 0.0600 
11(31') 0.9226 . 0.8507 0.8196 . 0.0600 
11(41') 0.8560 0.8090 0.7963 0.0600 
H(51') 0.8283 0.7716 0.5397 0.0600 
 0.8843 0.7256 0.1762 0.0600 
 0.8461 0.8289 0.2206 0.0600 
H(91') 0.7730 0.4646 -0.0039 0.0600 
 0.7771 0.2337 0.0933 0.0600 
 0.7322 0.2802 0.0459 0.0600 
 0.7641 0.2614 0.3646 0.0600 
 0.7195 0.3141 0.3199 0.0600 
H(321) 0.7649 -0.1322 0.2764 0.0600 
11(322) 0.7868 0.0073 0.3711 0.0600 
11(323) 0.7826 0.0068 0.1659 0.0600 
H(1 N') 0.8021 0.4242 0.3184 0.0600 
Table 4.2.2 Anisotropic thermal parameters in A 2 
U 11 U22 U33 U23 U13 U 1 2 
 0.019(5) 0.038(6) 0.034(5) -0.009(5) 0.001(5) -0.003(5) 
 0.038(6) 0.032(6) 0.044(6). -0.001(5) -0.008(5) -0.001(5) 
 0.023(5) 0.049(6) 0.045(6) 0.008(6) -0.021(5) 0.015(5) 
 0.059(6) 0.025(5) 0.026(5) -0.001(5) 0.000(5) 0.016(5) 
 0.040(6) 0.032(5) 0.033(5) -0.008(5) -0.005(5) -0.006(5) 
 0.030(5) 0.026(5) 0.027(5) -0.002(5) 0.003(5) 0.000(5) 
 0.025(5) 0.022(5) 0.027(5) 0.000(4) 0.005(4) -0.004(4) 
 0.028(5) 0.023(5) 0.027(5) 0.004(4) -0.006(4) 0.005(4) 
•C(9) 0.018(5) 0.029(5) 0.045(6) -0.005(5) -0.001(4) 0.003(4) 
C(10) 0.026(5) 0.040(6) 0.044(6) -0.001(5) 0.000(5) 0.008(5) 
CO 1) 0.038(5) 0.042(6) 0.030(5) 0.000(5) 0.006(5) 0.002(5) 
 0.036(5) 0.024(5) 0.041(6) -0.003(5) -0.001(5) -0.008(4) 
 0.040(5) 0.031(5) 0.026(5) -0.001(5) 0.004(5) -0.005(5) 
 0.031(5) 0.015(5) 0.043(6) -0.015(5) 0.005(5) 0.002(4) 
 0.028(5) 0.047(6) 0.034(5) -0.015(5) -0.011(4) -0.010(5) 
 0.038(6) 0.035(6) 0.018(5) -0.006(5) -0.012(5) 0.000(5) 
 0.042(6)- 	- 0.056(7) 0.030(5) 	- 0.000(6) ...... -0.007(5) 0.002(6) 
 0.052(6) 0.053(7) 0.040(6) 0.011(6) -0.010(6) -0.002(6) 
 0.036(5) 0.039(6) 0.037(6) -0.012(5) 0.000(5) 0.001(5) 
 0.029(5) 0.041(6) 0.051(6) 0.005(6) 0.009(5) -0.008(5) 
 0.027(5) 0.040(6) 0.047(6) -0.019(6) 0.005(5) -0.006(5) 
 0.030(4) 0.024(5) 0.032(4) -0.001(4) -0.004(4) -0.006(4) 
 0.022(4) 0.049(5) 0.031(4) 0.001(4) -0.005(4) -0.008(4) 
0(1) 0.035(4) 0.087(5) 0.046(4) -0.003(4) -0.001(3) -0.021(4) 
0(2) 0.048(4) 0.042(4) 0.036(4) 0.010(4) -0.003(3) -0.007(4) 
 0.052(6) 0.025(6) 0.069(7) -0.001(6) 0.002(6) 0.004(5) 
 0.066(7) 0.049(7) 0.071(8) -0.020(7) -0.022(7) 0.007(6) 
 0.099(9) 0.025(6) 0.060(8) -0.013(6) -0.044(7) -0.001(6) 
 0.087(8) 0.035(6) 0.049(7) -0.005(6) 0.002(6) -0.008(6) 
 0.058(6) 0.037(7) 0.058(7) -0.013(6) -0.002(6) 0.019(5) 
 0.041(6) 0.023(5) 0.076(8) -0.002(6) -0.016(6) 0.015(5) 
 0.037(6) 0.049(6) 0.062(7) 0.015(6) -0.006(5) -0.019(5) 
C(81 ) 0.038(6) 0.031(6) 0.045(6) 0.007(6) -0.009(5) 0.006(5) 
C(9 1 ) 0.024(5) 0.038(6) 0.034(5) -0.009(5) -0.004(4) -0.004(5) 
C(10 1 ) 0.040(6) 0.053(7) 0.049(6) 0.009(6) -0.006(5) 0.000(5) 
C(11) 0.078(7) 0.032(6) 0.076(8) -0.009(6) 0.013(7) -0.001(5) 
 0.114(9) 0.071(9) 0.099(9) 0.014(8) -0.008(9) 0.009(8) 
 0.043(6) 0.022(5) 0.044(6) 0.003(5) 0.010(5) 0.006(5) 
N(1') 0.027(4) 0.035(5) 0.042(5) 0.008(4) -0.007(4) -0.004(4) 
0(1 1 ) 0.042(4) 0.053(4) 0.053(4) 0.008(4) -0.012(4) -0.020(3) 
0(2') 0.059(4) 0.059(5) 0.057(5) 0.013(4) -0.008(4) -0.020(4) 
0(3') 0.053(4) 0.046(4) 0.058(4) -0.022(4) -0.005(4) 0.01 6(4) 
0(4') 0.026(3) 0.061(5) 0.045(4) -0.013(4) -0.007(3) 0.011(3) 
S(1') 0.0850(21) 0.0533(18) 0.0905(23) 0.0134(19) -0.0007(20) 	-0.0239(18) 
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Table 4.3.1 Atomic coordinates with esds for 4.3 
x V z ulso 
 0.0012(5) 0.1631(3) 0.6563(3) 0.046(3) 
 -0.1444(6) 0.0751(4) 0.6373(4) 0.056(3) 
 -0.2721(6) 0.0823(4) 0.5717(4) 0.062(4) 
 -0.2559(6) 0.1747(4) 0.5264(4) 0.059(3) 
 -0.1116(6) 0.2639(4) 0.5482(3) 0.057(3) 
 0.0165(5) 0.2568(3) 0.6128(3) 0.045(3) 
 0.1831(5) 0.3444(3) 0.6521(3) 0.042(3) 
 0.2807(5)• 0.2758(3) 0.7054(3) 0.039(3) 
 0.2682(5) 0.4118(3) 0.5821(3) 0.044(3) 
 0.3340(6) 0.5212(4) 0.7235(3) 0.053(3) 
 0.1652(6) 0.4317(3) 0.7116(3) . 	0.050(3) 
 0.3701(6) 0.3614(4) 0.5393(3) 0.055(3) 
 0.4995(6) 0.3385(4) 0.6115(3) 0.048(3) 
 0.4012(5) 0.2444(3) 0.6629(3) 0.043(3) 
 0.5615(6) 0.5408(4) 0.6419(4) 0.056(3) 
 0.6027(5) 0.4420(4) 0.6693(3) 0.048(3) 
 0.7207(6) 0.4450(4) 0.7380(4) 0.059(3) 
 0.7595(6) 0.3455(4) 0.7685(4) 0.064(3) 
 0.5001(6) 0.1946(4) 0.7320(3) 0.049(3) 
 0.3824(6) 0.1181(5) 0.7843(4) 0.070(4) 
 0.1991(6) 0.0906(4) 0.7506(3) 0.054(3) 
 0.1527(4) 0.1733(3) 0.71594(23) 0.0434(22) 
 0.3788(5) 0.5204(3) 0.63416(25) 0.0482(24) 
0(1) 0.1005(4) 0.0007(3) 0.75597(24) 0.0671(24) 
0(2) 0.6208(4) 0.27094(25) 0.79938(21) 0.0551(21) 
 1.1816(6) 1.0477(4) 0.01 39(3) 0.052(3) 
 1.3341(7) 1.1271(4) 0.0139(4) 0.065(4) 
 1.4757(7) 1.0999(5) 0.0466(4) 0.073(4) 
 1.4660(7) 1.0005(5) 0.0771(4) 0.076(4) 
1.3144(7) 0.9233(5) 0.0790(4) 0.068(4) 
 1.1716(6) 0.9474(4) 0.0471(3) 0.052(3) 
 0.9961(6) 0.8844(4) 0.0499(3) 0.051(3) 
 0.8964(6) 0.9464(3) -0.0092(3) 0.045(3) 
C(9 1 ) 0.9384(6) 0.7610(4) 0.0230(3) 0.059(3) 
 0.7989(7) 0.7948(4) 0.1391(3) 0.068(4) 
 0.9654(7) 0.8849(4) 0.1455(3) 0.067(4) 
 0.8767(7) 0.7294(4) -0.0752(3) 0.062(3) 
 0.7351(6) 0.7728(4) -0.1097(3) 0.054(3) 
 0.8150(6) 0.8978(3) -0.1049(3) 0.050(3) 
C(15 1 ) 0.6344(7) 0.6560(4) 0.0144(4) 0.066(4) 
 0.6021(7) 0.7317(4) -0.0546(4) 0.059(3) 
 0.4681(7) 0.7624(4) -0.0646(4) 0.071(4) 
 0.4382(7) 0.8431(5) -0.1288(4) 0.077(4) 
 0.7057(6) 0.9636(4) -0.1451(3) 0.056(3) 
 0.8047(7) 1.0870(4) -0.1256(4) 0.069(4) 
 0.9807(7) 1.1196(4) -0.0780(3) 0.057(3) 
 1.0212(5) 1.0525(3) -0.01731(25) 0.0496(25) 
 0.8009(5) 0.71 00(3) 0.0742(3) 0.061(3) 
0(1 1 ) 1.0819(5) 1.2037(3) -0.0930(3) 0.078(3) 
0(2') 0.5637(5) 0.9474(3) -0.10696(25) 0.072(3) 
 0.6201(7) 0.4748(5) 0.2489(3) 0.069(4) 
 0.4993(7) 0.3976(7) 0.1873(4) 0.090(5) 
 0.4274(8) 0.2936(7) 0.2123(6) 0.105(6) 
 0.471 6(8) 0.2700(5) 0.2998(6) 0.096(5) 
 0.5889(7) 0.3480(4) 0.3599(4) 0.073(4) 
 0.6676(5) 0.4504(4) 0.3347(3) 0.050(3) 
 0.7954(6) 0.5295(4) 0.4029(3) 0.052(3) 
 1.0484(6) 0.6865(3) 0.4376(3) 0.050(3) 
 1.1796(5) 0.6365(4) 0.4783(3) 0.048(3) 
 1.1184(6) 0.7864(4) 0.3879(3) 0.059(3) 
 1.2589(6) 0.8815(4) 0.4427(4) 0.066(4) 
 . 	1.21 70(8) 0.9200(5) 0.5243(4) 0.087(4) 
 1.3052(8) 0.9747(5) 0.3828(5) 0.094(5) 
N(31) 0.9119(4) 0.6076(3) . 	0.37471(25) 0.0489(23) 
0(31) 0.7935(5) 0.51 93(3) 0.48324(22) 0.0696(25) 
0(32) 1.2114(4) 0.5703(3) 0.43488(22) 0.0694(25) 
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0(33) 1.2484(4) 0.66622(25) 0.55949(22) 0.0592(22) 
 0.5539(6) 0.6964(5) 0.3803(4) 0.066(4) 
 0.6754(7) 0.7676(6) 0.4439(4) 0.082(5) 
 0.7408(8) 0.8771(7) 0.4294(5) 0.089(5) 
 0.6861(9) 0.9118(6) 0.3515(5) 0.093(5) 
 0.5643(8) 0.8407(5) 0.2856(4) 0.085(5) 
 0.4993(6) 0.7331(4) 0.3007(3) 0.061(3) 
 0.3662(7) 0.6579(4) 0.2269(4) 0.061(4) 
 0.1240(7) 0.4937(4) 0.1899(3) 0.063(3) 
 -0.0088(6) 0.5405(4) 0.1453(4) 0.057(3) 
 0.0524(8) 0.3952(4) 0.241 9(4) 0.071(4) 
 -0.0832(8) 0.3016(5) 0.1912(5) 0.086(5) 
 -0.0332(10) 0.2512(6) 0.1155(6) 0.121(6) 
 -0.1390(12) 0.2143(5) 0.2578(6) 0.126(7) 
N(31') 0.2569(5) 0.5720(3) 0.25380(25) 0.058(3) 
0(31') 0.3629(5) 0.6736(3) 0.1495(3) 0.085(3) 
0(32') -0.0767(5) 0.5115(3) 0.06671(25) 0.080(3) 
0(33') -0.0416(4) 0.6075(3) 0.19170(23) 0.068(3) 
0(1W) 0.9862(6) 0.6371(3) 0.6431(3) 0.092(3) 
0(2W) 0.5502(6) 0.8206(5) 0.6556(4) 0.110(4) 
0(3W) 0.6223(6) 0.3774(5) 0.9687(4) 0.109(4) 
0(4W) -0.1349(6) -0.2018(4) 0.6819(4) 0.093(3) 
0(5W) 0.0852(8) 0.5261(5) 0.9242(4) 0.0979(23) 
0(6W) 0.3188(7) 0.4140(4) 0.9380(4) 0.114(4) 
0(7W) 0.1261(19) 0.6642(12) 0.81 62(10) 0.051(6) 
-1(21) -0.1575 0.0027 0.6728 0.0500 
11(31) -0.3867 0.0146 0.5558 0.0500 
11(41) -0.3557 0.1776 0.4736 0.0500 
11(51) -0.1005 0.3378 0.5149 0.0500 
11(81) 0.3552 0.3257 0.7647 0.0500 
H(91) 0.1760 0.4188 0.5267 0.0500 
11(101) 0.4243 0.5032 0.7741 0.0500 
11(1 02) 0.3255 0.5990 0.7411 0.0500 
11(1 11) 0.0669 0.4604 0.6798 0.0500 
11(1 12) 0.1417 0.4017 0.7744 0.0500 
11(121) 0.2904 0.2862 0.5021 0.0500 
11(1 22) 0.4312 0.4167 0.4953 0.0500 
11(131) 	- 0.5876------- 0.3126 	----- 0.5853 	- - 0.0500 - 
H(141) 0.3394 0.1819 0.6095 0.0500 
11(151) 0.6317 0.6076 0.6909 0.0500 
11(1 52) 0.5930 0.5612 0.5785 0.0500 
-1(171) 0.7926 0.5223 0.7741 0.0500 
-4(181) 0.8676 0.3692 0.8220 0.0500 
1-1(182) 0.7839 0.3055 0.7140 0.0500 
1-1(191) 0.5605 0.1560 0.6943- 0.0500 
1-1(201) 0.4121 0.1556 0.8509 0.0500 
1-4(202) 0.4080 0.0426 0.7862 0.0500 
H(21N) 0.3560 0.5866 0.5983 0.0500 
H(22) 1.3423 1.2057 -0.0103 0.0500 
1-4(32) 1.5959 1.1592 0.0479 0.0500 
11(42) 1.5781 0.9818 0.1001 0.0500 
1-4(52) 1.3077 0.8456 0.1048 0.0500 
1-4(82) 0.7961 0.9464 0.0218 	. 0.0500 
1-4(92) 1.0426 0.7323 0.0390 0.0500 
1-1(103) 0.6979 0.8247 0.1151 0.0500 
11(1 04) 0.7880 0.7628 0.2028 0.0500 
11(113) 0.9593 0.9625 0.1657 0.0500 
11(114) 1.0619 0.8672 0.1917 0.0500 
11(123) 0.9761 0.7640 -0.1094 0.0500 
1-4(124) 0.8328 0.6420 -0.0866 0.0500 
11(1 32) 0.6719 0.7443 -0.1774 0.0500 
1-4(142) 0.9034 0.9058 -0.1464 0.0500 
11(1 53) 0.6328 0.5820 -0.0179 0.0500 
1-4(154) 0.5397 0.6373 0.0530 0.0500 
11(1 72) 0.3780 0.7276 -0.0248 0.0500 
11(1 83) 0.3156 0.8510 -0.1277 0.0500 
1-1(184) 0.4374 0.8138 -0.1946 0.0500 
11(1 92) 0.6673 0.9369 -0.2147 0.0500 
11(203) 0.7409 1.1207 -0.0863 0.0500 
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H(204) 0.8024 1.1229 -0.1886 0.0500 
H(22N) 0.8286 0.6451 0.1099 0.0500 
H(311) 0.6777 0.5552 0.2293 0.0500 
H(321) 0.4615 0.4183 0.1207 0.0500 
H(331) 0.3381 0.2316 0.1642 0.0500 
H(341) 0.4133 0.1902 0.3203 0.0500 
H(351) 0.6205 0.3295 0.4279 0.0500 
H(381) 1.0050 0.7105 0.4926 0.0500 
.1-4(401) 1.1643 0.7609 0.3345 0.0500 
1-4(402) 1.0183 0.8158 0.3606 0.0500 
 1.3618 0.8534 0.4668 0.0500 
1-4(421) 1.1847 0.8534 0.5660 0.0500 
H(422) 1.1136 0.9488 0.5049 .0.0500 
11(423) 1.3227 0.9852 0.5604 0.0500 
11(431) 1.4043 1.0428 0.4201 0.0500 
11(432) 1.1988 0.9991 0.3583 0.0500 
4-1(433) 1.3452 0.9480 0.3275 0.0500 
H(31N) 0.9059 0.6130 0.3044 0.0500 
4-1(312) 0.5016 0.6120 0.3927 0.0500 
11(322) 0.7207 0.7384 0.5058 0.0500 
41(332) 0.8342 0.9332 0.4802 . 	 0.0500 
41(342) 0.7372 0.9964 0.3396 0.0500 
1-4(352) 0.5216 0.8698 0.2231 0.0500 
1-4(382) 0.1709 0.4712 0.1357 0.0500 
4-4(403) 0.0064 0.4230 0.2942 0.0500 
11(404) 0.1525 0.3664 0.2707 0.0500 
 -0.1822 0.3300 0.1601 0.0500 
H(424) -0.1374 0.1837 0.0813 0.0500 
11(425) 0.0681 0.2229 0.1428 0.0500 
1-1(426) 0.0049 0.3117 0.0695 0.0500 
41(434) -0.2383 0.1446 0.2227 0.0500 
1-1(435) -0.1815 0.2484 0.3084 0.0500 
1-1(436) -0.0358 0.1894 0.2884 0.0500 
H(32N) 0.2676 0.5608 0.3238 0.0500 
-4(21W) 0.6354 0.7858 0.6827 0.0500 
11(22W) 0.4690 . 0.8292 0.6004 0.0500 
1-4(31W) 0.6606 0.3088 0.9559 0.0500 
---- 41(32W) ..... ..0.6563 - 0.4332 09229......... 0.0500 
4-1(41W) -0.1316 -0.1661 0.6227 0.0500 
1-1(42W) -0.0866 -0.2669 0.6937 0.0500 
1-1(61W) 0.4344 0.4082 0.9402 0.0500 
1-4(62W) 0.2276 0.3386 0.9426 0.0500 
11(51W) 0.0502 0.4525 0.9394 0.0500 
1-4(52W) 0.1204 0.5849 0.8875 0.0500 
Table 4.3.2 	Anisotropic thermal parameters in A 2 
U 11 U22 U33 U23 U13 	 U12 
 0.036(3) 0.0422(25) 0.052(3) - 0.0051(20) 0.0144(22) 	0.0099(21) 
 0.039(3) 0.039(3) 0.080(3) 0.0053(23) 0.012(3) 0.0063(23) 
C)3) 0.034(3) 0.047(3) 0.091(4) -0.008(3) 0.004(3) 	0.0035(23) 
 0.035(3) 0.046(3) 0.082(4) -0.007(3) -9.010(3) 0.0100(24) 
 0.044(3) 0.050(3) 0.065(3) 0.0045(23) -0.0016(25) 	0.0148(25) 
 0.035(3) 0.0422(24) 0.0497(25) -0.0025(20) 0.0046(22) 0.0095(21) 
 0.0384(24) 0.0353(21) 0.0433(23) 0.0057(18) 0.0072(20) 	0.0082(19) 
 0.0315(23) 0.0359(22) - 	 0.0416(23) 0.0067(18) 0.0063(19) 0.0041(19) 
 0.0361(24) 0.0401(23) 0.0448(24) 0.0070(19) 0.0014(20) 	0.0076(21) 
 0.046(3) 0.0434(25) 0.059(3) -0.0026(21) 0.0101(24) 0.0071(22) 
 0.039(3) 0.0389(24) 0.064(3) 0.0031(21) 0.0115(23) 	0.0100(21) 
 0.058(3) 0.056(3) 0.0398(24) 0.0109(21) 0.0147(23) 0.015(3) 
 0.048(3) 0.0458(25) 0.0446(25) 0.0083(20) 0.0187(22) 	0.0177(22) 
 0.041(3) 0.0335(22) 0.0470(24) 0.0035(18) 0.0111(21) 0.0076(20) 
 0.043(3) 0.0404(24) 0.071(3) 0.0102(22) 0.0150(25) 	-0.0005(22) 
 0.033(3) 0.047(3) 0.056(3) 0.0096(21) 0.0147(23) 0.0071(21) 
 0.035(3) 0.059(3) 0.070(3) 0.0109(25) 0.017(3) 	0.0033(24) 
 0.036(3) 0.063(3) 0.080(4) 0.013(3) 0.008(3) 0.010(3) 
- 0.039(3) 0.050(3) 0.051(3) 0.0062(21) 0.0013(22) 	0.0162(22) 
 0.044(3) 0.067(3) 0.083(4) 0.034(3) 0.002(3) 0.011(3) 
 0.049(3) 0.049(3) 0.051(3) 0.0108(22) 0.0063(23) 	0.010(3) 
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N(l) 0.0336(20) 0.0381(19) 0.0478(21) 0.0073(16) 0.0043(17) 0.0032(17) 
N(2) 0.0415(22) 0.0347(19) 0.0574(23) 0.0091(16) 0.0065(19) 0.0050(17) 
0(1) 0.0524(21) 0.0442(19) 0.087(3) 0.0230(17) 0.0049(19) 0.0006(18) 
0(2) 0.0386(18) 0.0581(19) 0.0577(19) 0.0110(15) 0.0067(16) 0.0113(16) 
 0.048(3) 0.048(3) 0.049(3) -0.0053(21) 0.0113(23) 0.0075(24) 
 0.059(4) 0.059(3) 0.065(3) 0.000(3) 0.009(3) 0.013(3) 
 0.051(3) 0.073(4) 0.079(4) 0.004(3) 0.010(3) 0.007(3) 
 0.058(4) 0.080(4) 0.080(4) 0.007(3) 0.017(3) 0.029(3) 
C(5 1 ) 0.052(3) 0.072(3) 0.071(3) 0.010(3) 0.009(3) 0.026(3) 
 0.056(3) 0.049(3) 0.0421(24) 0.0071(20) 0.0093(23) 0.0151(24) 
 0.045(3) 0.050(3) 0.050(3) 0.0054(21) 0.0089(22) 0.01 72(23) 
 0.044(3) 0.0406(24) 0.0441(24) 0.0053(19) 0.0108(21) 0.0135(21) 
C(9 1 ) 0.049(3) 0.047(3) 0.076(3) 0.0207(25) 0.023(3) 0.0192(24) 
C(10 1 ) 0.065(4) 0.075(3) 0.059(3) 0.015(3) 0.023(3) 0.032(3) 
 0.070(4) 0.071(3) 0.049(3) 0.0121(24) 0.016(3) 0.028(3) 
 0.065(3) 0.041(3) 0.071(3) -0.0019(23) 0.022(3) 0.016(3) 
 0.053(3) 0.0428(25) 0.055(3) -0.0024(21) 0.0034(24) 0.0108(24) 
 0.050(3) 0.0399(24) 0.049(3) 0.0027(20) 0.0110(23) 0.0106(22) 
 0.054(3) 0.050(3) 0.086(4) 0.022(3) 0.018(3) 0.016(3) 
 0.052(3) 0.044(3) 0.068(3) 0.0018(23) 0.011(3) 0.0049(25) 
 0.053(3) 0.064(3) 0.081(4) 0.016(3) 0.015(3) 0.008(3) 
 0.052(3) 0.079(4) 0.086(4) 0.019(3) 0.012(3) 0.016(3) 
 0.056(3) 0.051(3) 0.047(3) 0.0088(22) 0.0041(24) 0.0126(25) 
 0.074(4) 0.047(3) 0.070(3) 0.0089(25) -0.004(3) 0.020(3) 
 0.064(3) 0.0349(25) 0.061(3) 0.0008(22) 0.016(3) 0.008(3) 
 0.0515(25) 0.0375(20) 0.0508(21) 0.0049(17) 0.0053(19) 0.0156(19) 
 0.058(3) 0.0527(23) 0.067(3) 0.0221 (20) 0.0207(22) 0.0207(21) 
0(1 1 ) 0.084(3) 0.0465(20) 0.084(3) 0.0139(18) 0.0137(23) 0.0092(21) 
0(2') 0.0603(23) 0.0696(23) 0.0756(24) 0.0160(18) 0.0101(19) 0.0298(20) 
 0.050(3) 0.088(4) 0.055(3) 0.008(3) 0.011(3) 0.014(3) 
 0.053(4) 0.133(6) 0.059(3) -0.010(4) 0.004(3) 0.008(4) 
 0.053(4) 0.125(6) 0.113(6) -0.061(5) 0.002(4) 0.015(4) 
 0.071(4) 0.056(4) 0.135(6) -0.008(4) 	. -0.003(4) 0.002(3) 
 0.061(3) 0.059(3) 0.084(4) 0.009(3) 0.002(3) 0.014(3) 
 0.0358(25) . 0.054(3) 0.054(3) 0.0026(21) 0.0088(22) 0.01 64(22) 
 0.053(3) 0.049(3) 0.044(3) 0.0071(20) 0.0036(22) 0.01 89(24) 
 0.044(3) 0.0399(24) 0.057(3) 0.0062(20) 0.0063(23) 0.0141(22) 
 0.0318(24) 0.044(3) 0,056(3) 0.0104(22) 0.0076(23) 0.0002(21) 
 0.050(3) 0.045(3) 0.070(3) 0.0092(22) 0.007(3) 0.0132(24) 
 0.048(3) 0.043(3) 0.093(4) 0.006(3) 0.003(3) 0.0099(24) 
 0.068(4) 0.055(3) 0.115(5) -0.013(3) -0.010(4) . 	 0.013(3) 
 0.068(4) 0.061(4) 0.126(5) 0.016(4) 0.000(4) -0.006(3) 
N(31) 0.0394(21) 0.0424(20) 0.0541(22) 0.0035(17) 0.0019(18) 0.0095(18) 
0(31) 0.0679(24) 0.0704(22) 0.0487(20) 0.0053(16) 0.0098(18) -0.0028(19) 
0(32) 0.0737(25) 0.0722(22) 0.0576(20) 0.0136(18) 0.0160(18) 0.0432(20) 
0(33) 0.0531(20) 0.0518(18) 0.0595(20) -0.0023(15) -0.0059(17) 0.0177(16) 
 0.046(3) 0.085(4) 0.058(3) 0.001(3) 0.007(3) 0.027(3) 
 0.053(3) 0.119(6) 0.061(3) -0.009(4) -0.001(3) 0.040(4) 
 0.045(3) 0.109(6) 0.094(5) -0.025(4) 0.000(3) 0.01 8(4) 
 0.076(4) 0.073(4) 0.108(5) -0.013(4) 0.004(4) 0.015(4) 
 0.070(4) 0.085(4) 0.087(4) 0.015(4) 0.017(4) 	. 0.027(4) 
 0.048(3) 0.064(3) 0.060(3) -0.0004(25) 0.016(3) 0.018(3) 
 0.057(3) 0.063(3) 0.056(3) 0.0113(24) 0.017(3) 0.027(3) 
 0.069(4) 0.052(3) 0.056(3) -0.0020(23) 0.011(3) 0.020(3) 
C(39 1 ) 0.054(3) 0.048(3) 0.057(3) 0.0108(24) 0.012(3) 0.009(3) 
 0.084(4) 0.048(3) 0.070(3) 0.0046(25) 0.016(3) 0.023(3) 
 0.067(4) 0.068(4) 0.108(5) 0.005(3) 0.013(4) 0.021(3) 
 0.083(5) 0.090(5) 0.170(8) -0.055(5) 0.041(5) 0.010(4) 
 0.131(7) 0.057(4) 0.170(8) 0.023(4) 0.049(6) 0.014(4) 
N(31') 0.058(3) 0.0593(25) 0.0478(22) 0.0045(19) 0.0069(21) 0.0235(23) 
0(31') 0.085(3) 0.097(3) 0.0527(23) 0.0094(20) 0.0166(21) 0.0171(24) 
0(32') 0.075(3) 0.080(3) 0.0605(24) -0.0054(19) -0.0128(21) 0.0175(22) 
0(33') 0.0662(24) 0.0711(22) 0.0597(21) 0.0170(18) 0.0188(19) 0.0312(20) 
0(1W) 0.090(3) 0.077(3) 0.095(3) 0.0126(22) 0.0337(25) 0.0265(24) 
0(2W) 0.070(3) 0.130(4) 0.101(4) -0.037(3) -0.011(3) 0.019(3) 
0(3W) 0.076(3) 0.114(4) 0.112(4) -0.027(3) 0.024(3) 0.002(3) 
0(4W) 0.070(3) 0.070(3) 0.120(4) -0.0040(25) 0.001(3) 0.0205(23) 
0(5W) 0.0979(23) 0.0000 0.0000 0.0000 0.0000 0.0000 
0(6W) 0.084(3) 0.064(3) 0.166(5) 0.015(3) -0.006(3) 0.01 0(3) 
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0(7W) 	0.051(6) 	0.0000 	0.0000 	0.0000 	0.0000 	0.0000 
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Table 5.1.1 Atomic coordinates with esds for 5.1 
x Y z ulso 
Cli) 0.7653(4) 0.2873(7) 0.51 761 (20) 0.031(3) 
 0.7915(4) 0.2814(8) 0.45114(23) 0.036(3) 
 0.9104(4) 0.3008(7) 0.43349(20) 0.037(3) 
 1.0005(4) 0.3255(7) 0.48220(20) 0.034(3) 
 0.9719(4) 0.3370(8) 0.54785(23) 0.039(3) 
 0.8524(4) 0.3209(7) 0.56621(21) 0.036(3) 
 0.7965(4) 0.3354(8) 0.63375(21) 0.035(3) 
 0.6683(4) 0.2575(7) 0.62136(21) 0.031(3) 
 0.8674(5) 0.2473(8) 0.69103(23) 0.043(3) 
C(i0) 0.7582(5) 0.5087(9) 0.73035(25) 0.045(3) 
Cli1) 0.7888(5) 0.5290(8) 0.6582(3) 0.043(3) 
 ., 0.8441(5) 0.0489(9) 0.6994(3) 0.047(4) 
 0.7076(5) 0.0189(8) 0.70843(23) 0.041(3) 
 0.6469(4) 0.0665(7) 0.64244(22) 0.034(3) 
 0.7619(5) 0.2355(9) 0.8013(3) 0.052(4) 
 0.6658(5) 0.1273(8) 0.76636(22) 0.042(3) 
 0.5515(5) 0.1272(9) 0.7851(3) 0.053(4) 
C(i8) 0.4567(6) 0.0239(11) 0.7487(3) 0.062(4) 
 0.5120(5) 0.0277(9) 0.63317(25) 0.045(3) 
 0.4638(5) 0.1146(9) 0.5687(3) 0.042(3) 
 0.5549(4) 0.1760(8) 0.52059(24) 0.040(3) 
 0.8618(6) 0.2805(13) 0.3177(3) 0.068(5) 
 1.2101(5) 0.2984(10) 0.5052(3) 0.047(4) 
 0.6511(3) 0.2605(6) 0.54789(16) 0.0323(22) 
 0.8280(4) 0.3484(7) 0.75265(19) 0.042(3) 
0(1) 0.5415(3) 0.1523 0.46068(16) 0.0551(25) 
0(2) 0.4382(3) 0.0998(6) 0.68374(16) 0.0579(24) 
0(3) 0.9491(3) 0.2936(6) 0.36957(14) 0.0499(22) 
0(4) 1.11576(25) 0.3375(6) 0.45842(15) 0.0491(22) 
COI) 0.5060(7) 0.6468(13) 0.8667(4) 0.094(6) 
 0.6110(7) 0.6688(14) 0.9008(5) 0.109(7) 
 0.6402(6) 0.5660(13) 0.9533(4) 0.086(6) 
 0.5629(7) 0.4318(14) 0.9695(4) 0.095(6) 
 0.4573(5) 0.4113(11) 0.9330(3) 0.081(5) 
C6') 0.4268(4) -- 	0.5-1 -86(8) - - 	0.88175(24) 0:048(3) 	 - 
C(7') 0.3141(5) 0.4889(10) 0.83890(25) 0.058(4) 
C(8 1 ) 0.2002(5) 0.4488(8) 0.87839(23) 0.047(3) 
C(9') 0.0952(5) 0.4053(9) 0.82932(24) 0.050(4) 
C(10 1 ) 0.1464(4) 0.5680(10) 0.98636(25) 0.052(4) 
Cli1 1 ) 0.1119(7) 0.7273(12) 1.0242(3) 0.085(6) 
0(1 1 ) 0.1098(3) 0.2736(6) 0.79241(18) 0.0638(24) 
0(2') 0.0025(3) 0.4982(6) 0.82852(18) 0.065(3) 
0(3') 0.1532(4) 0.41 95(7) 1.01242(19) ' 0.078(3) 
N(1') 0.1706(4) 0.5917(7) 0.92288(18) 0.045(3) 
0(1W) 0.0920(4) 0.3336(7) 0.14151(19) 0.078(3) 
0(2W) -0.4481(4) 1.0692(7) 0.32368(20) 0.081(3) 
0(3W) -0.2308(4) 0.81 42(8) 0.32658(22) 0.097(4) 
0(4W) -0.1495(5) 0.4431(8) 0.1468(3) 0.110(4) 
H(21) 0.744(5) 0.264(9) 0.425(3) 0.0600 
-4(51) 1.034(4) 0.350(8) 0.5832(24) 0.0600 
H(81) 0.612(4) 0.337(7) 0.6401(21) 0.0400 
H(91) 0.957(5) 0.266(8) 0.6856(24) 0.0700 
 0.776(5) 0.600(9) 0.758(3) 0.0600 
 0.675(5) 0.480(8) 0.737(3) 0.0600 
H(i ii) 0.723(5) 0.602(8) 0.630(3) 0.0600 
H(112) 0.860(5) 0.587(8) 0.651(3) 0.0600 
-4(121) 0.876(5) -0.004(8) 0.659(3) 0.0600 
H(122) 0.884(5) 0.011(8) 0.738(3) 0.0600 
H(131) 0.690(4) -0.110(8) 0.7214(25) 0.0600 
H(141) 0.688(5) -0.001(8) 0.6071(25) 0.0600 
 0.735(4) 0.306(9) 0.8322(25) 0.0600 
 0.822(5) 0.146(8) 0.8250(24) 0.0600 
H(171) 0.533(5) 0.202(8) 0.824(3) 0.0700 
 0.377(5) 0.040(7) 0.7802(24) 0.0600 
 0.484(5) -0.099(8) 0.746(3) 0.0600 
H(191) 0.500(5) -0.098(8) 0.626(3) 0.0600 
318 
H(201) 0.429(5) 0.207(8) 0.581(3) 0.0600 
11(202) 0.419(5) 0.016(8) 0.540(3) 0.0600 
11(221) 0.896(4) 0.296(8) 0.2667(24) 0.0600 
11(222) 0.826(5) 0.397(8) 0.317(3) 0.0600 
11(223) 0.824(6) 0.189(9) 0.320(3) 0.0600 
11(231) 1.276(5) 0.281(9) 0.4812(25) 0.0600 
11(232) 1.196(5) 0.187(8) 0.535(3) 0.0600 
11(233) 1.228(5) 0.399(8) 0.542(3) 0.0600 
I1(2N) 0.883(4) 0.383(7) 0.7723(24) 0.0450 
11(11') 0.486(5) 0.718(7) 0.832(3) 0.0600 
11(21') 0.653(5) 0.745(8) 0.898(3) 0.0600 
11(31') 0.708(5) 0.584(8) 0.9747(24) 0.0600 
11(41') 0.580(4) 0.357(7) 1.0100(25) 0.0600 
11(51') 0.410(4) 0.305(8) 0.9455(23) 0.0600 
11(71') 0.299(5) 0.589(8) 0.813(3) 0.0600 
11(72') 0.366(22) 0.40(4) 0.798(11) 0.6000 
11(81') 0.211(4) 0.325(8) 0.9033(24) 0.0600 
11(1 1A) 0.093(5) 0.702(7) 1.077(3) 0.0600 
11(12A) 0.074(5) 0.799(9) 1.006(3) 0.0600 
H(13A) 0.174(4) 0.762(7) 1.053(3) 0.0600 
H(1 N') 0.172(5) 0.711(8) 0.901(3) 0.0600 
H(1 1W) 0.118(6) 0.333(12) 0.1019(22) 0.1100 
11(12W) 0.062(6) 0.206(6) 0.148(3) 0.1100 
11(21W) -0.465(5) 1.066(10) 0.3768(21) 0.1100 
H(22W) -0.390(5) 0.972(8) 0.315(3) 0.1100 
H(31W) -0.188(5) 0.81 6(11) 0.2801(23) 0.1200 
11(32W) -0.187(6) 0.694(7) 0.327(4) 0.1 200 
11(41W) -0.061(4) 0.419(12) 0.154(4) 0.1400 
11(42W) -0.161(7) 0.560(8) 0.167(4) 0.1400 
Table 5.1.2 	Anisotropic thermal parameters in A 2 
U 11 U22 U33 U23 U13 	 U12 
 0.0290(25) 0.032(3) 0.032(3) -0.0001(24) 0.0003(20) 	0.0038(24) 
 0.030(3) 0.043(3) 0.034(3) 0.002(3) -0.0017(20) -0.001(3) 
 0.040(3) 0.040(3) 0.0296(25) 0.009(3) 0.0069(22) 	0.005(3) 
 0.0284(24) 0.039(3) 0.035(3) 0.001(3) -0.0014(23) -0.001(3) 
- 	 C(5) 0.026(3) - 0.050(3) - 0.040(3)-0.003(3) - -0.0009(21 ) 	 ' 0.001(3) 
 0.036(3) 0.039(3) 0.0329(25) 0.000(3) -0.0020(22) -0.001(3) 
 0.033(3) 0.039(3) 0.0323(24) -0.001(3) -0.0018(20) 	0.000(3) 
 0.028(3) 0.036(3) 0.030(3) -0.0028(24) -0.0010(20) 0.0098(24) 
 0.039(3) 0.057(4) 0.032(3) -0.007(3) -0.0012(23) 	0.009(3) 
 0.050(3) 0.047(4) 0.037(3) -0.011(3) -0.004(3) 0.002(3) 
 0.049(3) 0.040(4) 0.041(3) -0.004(3) 0.005(3) 	-0.012(3) 
 0.054(4) 0.060(4) 0.028(3) -0.005(3) -0.0065(25) 0.026(3) 
 0.049(3) 0.044(3) 0.030(3) 0.004(3) -0.0020(23) 	0.011(3) 
 0.038(3) 0.031(3) 0.0317(24) -0.0060(24) 0.0004(21) 0.0041(24) 
 0.063(4) 0.064(4) 0.029(3) 0.001(3) 0.004(3) 	0.014(3) 
 0.048(3) 0.045(4) 0.032(3) 0.005(3) 0.002(3) 0.011(3) 
 0.058(4) 0.065(4) 0.036(3) 0.001(3) 0.006(3) 	0.007(3) 
 0.056(4) 0.091(5) 0.039(3) 0.009(4) 0.009(3) -0.013(4) 
 0.048(3) 0.048(4) 0.038(3) 0.000(3) 0.0091(24) 	-0.009(3) 
 0.037(3) 0.046(4) 0.044(3) 0.000(3) -0.0027(25) -0.002(3) 
 0.032(3) 0.053(4) 0.036(3) 0.005(3) -0.0038(23) 	0.002(3) 
 0.061(4) 0.101(7) 0.040(3) -0.001(4) -0.003(3) -0.020(4) 
 0.036(3) 0.056(4) 0.049(3) 0.005(3) 0.000(3) 	0.001(3) 
 0.0270(20) 0.044(3) 0.0256(19) 0.0013(19) 0.0001(16) -0.0008(20) 
 0.0377(25) 0.056(3) 0.0323(23) -0.0094(23) -0.0080(19) 	-0.0036(24) 
0(1) 0.0468(23) 0.084(3) 0.0341(21) -0.0001(21) -0.0061(17) -0.0135(22) 
0(2) 0.0415(20) 0.088(3) 0.0439(20) 0.0090(22) 0.0082(16) 	-0.0017(22) 
0(3) 0.0381(18) 0.079(3) 0.0325(17). 0.0015(20) 0.0037(14) -0.0081(21) 
0(4) 0.0262(18) 0.081(3) 0.0403(18) 0.0123(21) 0.0047(15) 	-0.0024(20) 
 0.075(5) 0.106(7) 0.101(6) 0.037(5) -0.012(4) -0.017(5) 
 0.066(6) 0.105(8) 0.157(8) 0.016(7) -0.025(6) 	-0.040(5) 
 0.053(4) 0.121(7) 0.085(5) -0.040(5) -0.021(4) 0.015(5) 
 0.070(5) 0.127(7) 0.086(5) 0.028(5) -0.022(4) 	-0.008(5) 
C(5 1 ) 0.056(4) 0.105(6) 0.081(4) 0.019(5) - 0.018(4) -0.022(4) 
 0.045(3) 0.058(4) 0.041(3) -0.003(3) 0.0038(24) 	0.000(3) 
 0.044(3) 0.084(5) 0.045(3) 0.005(3) -0.002(3) 0.001(3) 
319 
C(8') 0.051(3) 0.049(4) 0.040(3) 0.001(3) -0.002(3) 0.002(3) 
C(9 1 ) 0.059(4) 0.056(4) 0.034(3) 0.002(3) -0.003(3) -0.012(3) 
 0.035(3) 0.079(5) 0.042(3) 0.001(3) -0.0084(23) -0M02(3) 
 0.098(6) 0.105(7) 0.052(4) -0.024(4) -0.023(4) 0.019(5) 
0(1 1 ) 0.0707(24) 0.064(3) 0.0566(22) -0.0190(23) -0.0072(18) -0.0025(23) 
0(2') 0.0510(22) 0.070(3) 0.074(3) -0.0187(22) -0.0224(19) 0.0117(22) 
0(3') 0.086(3) 0.091(4) 0.056(3) 0.022(3) 0.0153(21) 0.008(3) 
N(1') 0.052(3) 0.051(3) 0.0331(24) -0.0013(22) -0.0036(19) 0.0015(23) 
0(1W) 0.092(3) 0.088(3) 0.0543(23) 0.004(3) 0.0128(21) -0.018(3) 
0(2W) 0.099(3) 0.080(3) 0.0654(24) -0.007(3) 0.0024(23) -0.001(3) 
0(3W) 0.115(4) 0.109(4) 0.0660(25) -0.001(3) 0.0170(25) -0.020(4) 
0(4W) 0.098(4) 0.079(4) 0.151(5) -0.033(4) 0.001(4) -0.008(3) 
320 
Table 5.2.1 Atomic coordinates with esds for 5.2 
x V z u,so 
 0.1997(7) 0.4327(3) 0.1884(10) 0.034(5) 
 0.1758(7) 0.39261(25) 0.1938(12) 0.035(5) 
 0.0589(8) 0.38077(25) 0.2107(11) 0.037(5) 
 -0.0275(7) 0.4112(3) 0.2140(11) 0.039(5) 
 -0.0006(7) 0.4516(3) 0.2090(11) 0.035(5) 
 0.1165(7) 0.46281 (25) 0.1964(11) 0.033(5) 
 0.1701(7) 0.50481 (24) 0.21 36(11) 0.030(5) 
 0.2996(7) 0.49751(25) 0.1704(11) 0.037(5) 
 0.1136(7) 0.53993(24) 0.1034(13) 0.038(5) 
 0.1909(8) 0.5659(3) 0.3970(13) 0.042(6) 
 0.1608(8) 0.5209(3) 0.4086(12) 0.039(5) 
 0.1511(8) 0.5443(3) -0.0890(12) 0.040(6) 
 0.2869(7) 0.5508(3) -0.0795(12) 0.038(5) 
 0.3377(7) 0.50967(25) -0.0189(11) 0.033(5) 
CO 5) 0.21 49(8) 0.6091(3) 0.1144(15) 0.053(6) 
 0.3173(7) 0.58693(25) 0.0438(12) 0.037(5) 
 0.4253(8) 0.5972(3) 0.0849(13) 0.045(6) 
 0.5271(8) 0.5757(3) 0.0171(16) 0.053(6) 
 0.4715(7) 0.5047(3) -0.0134(12) 0.042(5) 
 0.5060(8) 0.4642(3) 0.0656(15) 0.046(6) 
 0.4102(7) 0.4337(3) 0.1120(13) 0.042(6) 
 0.1036(10) 0.3099(3) 0.2396(18) 0.062(7) 
 -0.2324(8) 0.4255(3) 0.2088(15) 0.052(6) 
 0.3119(6) 0.45188(20) 0.1765(9) 0.040(4) 
 0.1382(6) 0.57842(21) 0.2136(9) 0.039(4) 
0(1) 0.4217(5). 0.39740(19) 0.0959(10) 0.063(5) 
0(2) 0.5360(5) 0.53462(18) 0.0879(8) 0.047(4) 
0(3) 0.0212(5) 0.34133(18) 0.2236(9) 0.055(4) 
0(4) -0.1409(5) 0.39629(17) 0.2296(8) 0.045(4) 
 -0.2789(7) 0.4151(3) 0.6910(10) 0.035(5) 
 -0.2536(8) 0.45750(25) 0.6887(11) 0.037(5) 
 -0.1357(8) 0.4677(3) 0.6998(11) 0.041(6) 
 -0.0469(8) 0.4383(3) 0.7083(11) 0.040(6) 
 -0.0761(8) 0.39713(25) 0.7138(11) 0.036(5) 
 - 	-0.1935(7) 	- 0.3859(3) 	. 0.6995(11) - 0.038(5) 
C(7) -0.2443(7) 0.34325(25) 0.7240(11) 0.035(5) 
C(8') -0.3759(7) 0.35063(22) 0.6739(11) 0.029(5) 
C(9 1 ) -0.1874(8) 0.30938(25) 0.6198(14) 0.044(6) 
 -0.2554(9) 0.2834(3) 0.9049(12) 0.050(6) 
 -0.2287(9) 0.3288(3) 0.9185(13) 0.048(6) 
 -0.2340(7) 0.3034(3) 0.4268(12) 0.037(5) 
 -0.3663(7) 0.29640(24) 0.4266(13) 0.038(5) 
 -0.4207(7) 0.3369(3) 0.4832(13) 0.039(5) 
 -0.2852(9) 0.2399(3) 0.6308(15) 0.053(6) 
 -0.3912(8) 0.2597(3) 0.5484(13) 0.047(6) 
 -0.4974(10) 0.2475(3) 0.5708(14) 0.053(7) 
 -0.6017(10) 0.2695(3) 0.4992(18) 0.065(8) 
 -0.5554(7) 0.3403(3) 0.4768(15) 0.049(6) 
 -0.5895(8) 0.381.7(3) 0.5675(15) 0.051(6) 
 -0.4921(8) 0.4115(3) 0.6108(11) 0.040(6) 
 -0.1839(11) 0.5387(4) 0.707(3) 0.098(11) 
 0.1550(8) 0.4242(3) 0.6967(15) 0.051(6) 
 -0.3901(6) 0.39557(20) 0.6759(9) 0.036(4) 
 -0.2091(7) 0.27043(23) 0.7279(10) 0.046(5) 
0(1 1 ) -0.5091(5) 0.44875(19) 0.5873(10) 0.062)5) 
0(2') -0.6136(5) 0.30969(20) 0.5688(10) 0.064(4) 
0(3') -0.0971(6) 0.50713(18) 0.7050(10) 0.065(5) 
0(4') 0.0633(5) 0.45297(18) 0.7165(9) 0.049(4) 
 0.4610(9) 0.1873(3) -0.8356(14) 0.057(7) 
 0.5678(11) 0.2041(4) -0.8808(15) 0.070(8) 
 0.6685(10) 0.1895(4) -0.8057(16) 0.060(7) 
 0.6704(8) 0.1569(4) -0.6847(16) 0.061(7) 
 0.5645(10) 0.1410(3) -0.6412(13) 0.055(7) 
 0.4586(8) 0.1542(3) -0.7141(12) 0.046(6) 
 0.3467(9) 0.1350(3) -0.6796(14) 0.057(7) 
 0.2809(9) 0.1548(3) -0.3907(16) 0.055(7) 
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zc 
00900 (I L)690 (C)t'o (9)6CV0 (ZCL)H 
0090M (6)66L0 (ZZ)OCOt'O ()CS L0 (LCL)H 
0090'0 (6)6LWO (C)SCS0 (8)9ZZD- (CZL)H 
00900 (Z09000 (61)9C990 (L)SCL0- 
00900 (0L)CL90 (c)ccs0 (9)Lz0- (LZL)H 
00900 (6)LL90 (C)8C0 (L)6E90- (Z0L)H 
00900 (6)LSYO (C)L6C0 (L)ZE90- (LOL)H 
00900 (L)9EC0 (C)Oc0 (L)CI-S0- (69)H 
00900 (1 L)L990 (C)9z0 (9)Z990- (Z89)H 
00900 (L)LSCO (C)i7LZO (B)L690- (L89)H 
00900 (LL)8EW0 (60LZZZO (8)96Y0- 
00900 (LL)90L0 (Z)z9Lvo (8)9LC0- (z99)H 
00900 (L)LL90 (0)Ct'Lz0 (8)9t'rO- (L9)H 
00900 (00L0170 (ZZ)ZLGC0 ()88C0- (9)H 
00900 ()c6r0 (c)z6zo ()69C0- (c9)H 
00900 (L L)9LC0 (6L)ZLLZ0 (L)0r0- (z9)H 
00900 (OL)St'CO (LZ)LSZC0 (8)CLZ0- (L9)H 
00900 (LL)9L60 (c)occo (s)LSFO- (zL9)H 
00900 (6)LLOL (C)0C0 (L)CZ0- (LL9)H 
00900 (6)LLOL (Z)069Z0 (L)ZZ0- (Z09)H 
00900 (t 0968 - 0 (C)8LZ0 (t')SC0- (L09)H 
00900 (ZL)Bt'gO (C)t'LEO (i')ZOLO- (69)H 
00900 (0L)LCL0 (CZ)SCCC0 (9)ZC170- (8)H 
00900 (ZL)LEL0 (0z)zLE0 (9)0Z0O- (S)H 
00900 (Z 0999'0 07Z)8SLt'0 (9)SZC0- (ZS)H 
00900 (zL)cr0 (t'z)sc690 (9)9900 (NZ)H 
00900 (8)L800 (C)0w0 (8)zZz0- (EEZ)H 
0090'0 (LL)6L0 (CZ)C800 (S)LOCO- (CZ)H 
00900 (CL)Lr0 (LL)cSo ()90Zo- (Lcz)u 
00900 (009CC0 (C)CLC0 (L)L9L0 (CZZ)H 
00900 (Z L)OtZ*O (6L)999Z0 (L)8900 (ZZ)H 
-0090 , 0 (L)C6L0 - 	-(C)6LE0 -(9)9L F0- - 
00900 (LL)P000- (Cz)zh0 (9)L90 (Z0Z)H 
00900 (L)L6v0 (E)69'0 ()LS0 (L0Z)i-i 
00900 (L)8L0- (C)6090 (h)68t'O (6 OH 
00900 (L)9LL0- (c)L90 (8)zso (ZO OH 
00900 (0 0060'0 (E)980 (9)9690 (L91)H 
00900 (1 09CL0 (BL)LCZ90 (L)ESt0 (L OH 
00900 (0L)E00 (C)D90 (9)t'L0 (ZSL)H 
00900 (6)CZ0 (zZ)8690 ()LZ0 (LSL)H 
00900 (OL)ZLLO- (C)zz6t'o (L)66z0 (t, L)H 
00900 (L)80z0- (c)t,990 (L)zLCo (C OH 
00900 (0L)8F0- (LZ)CLZS0 (L)CEL0 (ZL)H 
00900 (L L)L9 V0- (t)00990 (9)L600 (LZ OH 
00900 (LL)0hv0 (zz)90090 (9)9LZ0 (ZLL)H 
00900 (LL)LSt0 (E)zzs0 (S)0900 (LLL)H 
00900 (zL)Dw0 (E)ELS0 (t)CLZ0 (ZOL)H 
00900 (ZL)i'ZYO (LL)6z6S0 W19L0 (LOL)H 
00900 .(L L)OLO0 (C)6CS0 (t')6Z00 (6)H 
00900 (0099Z0 (CZ)09LS0 ()6cC0. (9)H 
00900 (ZL)SZZ0 (LZ)LCL'0 (9)LS00- (S)H 
00900 (Z ONTO (6L)699C0 (L)ZZO (Z)H 
(8)L L 10 (C L)Z000 (C)80 LEO (0 L)h60 (M9)0 
(SL)t'O?O (CZ)Z6EZ0 (0LLL90 (9L)9LEST (MS)O 
(L 099 L0 (LZ)CSEZ0 (tp)6CC90 (IL) I L6L0 (MOO 
(6)CC10 (9L)08C0 (C)0ZZ0 (6)L9960 (MOO 
(9)0900 (LL)LL9C0 (08CCL0 (L)L9z60 (M)O 
(s)z800 (000L190 (Ez)sscso (8)t6090 (ML)o 
(9)LLO0 (6)OZCO0 (Ez)L00L0 (9)LCLOO (E)O 
(S)9900 (8)ZS9Z0- (CZ)668LL0 (9)11900 (CC)O 
(L)C0LO (0L)80ZC0- (C)C6ZLO (L)0LCO (ZC)O 
(9)17900 (OL)SCLSO- (Zz)OCL9LO (9)9CLZO (LOO 
(S)9900 (Z L)990C*O- (Sz)L09v0 (iJLOLZo (LC)N 
(Lz)8ro (c)L900- (9)oBozO (11)08900- (900 
(0 L)Zt'LO (9 089 LZ0- (t')PLZO (0 L)C6 LOT (SC)O 
(0L)t'800 (CZ)LILIO- (WOCZZO (11)86100 (lt')D 
(9)9900 (SL)66L00- (C)L9OZO (6)LCL0 (Ot')D 
(9)900 (CL)9LL0- (C)6zCL0 (8)19600 (6E)3 
(9)900 (CL)6zZL0- (C)C691'0 (8)681L0 (BC)3 
H(733) 0.153(8) 0.4069(24) 0.588(9) 0.0600 
H(52N) -0.129(5) 0.257(3) 0.761(12) 0.0600 
 0.385(5) 0.195(3) -0.895(11) 0.0600 
 0.553(7) 0.2277(21) -0.971(10) 0.0600 
11(32) 0.740(6) 0.2048(24) -0.839(11) 0.0600 
11(33) 0.746(5) 0.146(3) -0.624(11) 0.0600 
H(34) 0.571(7) 0.1132(17) -0.582(10) 0.0600 
H(361) 0.308(7) 0.136(3) -0.812(8) 0.0600 
-1(362) 0.363(7) 0.1094(19) -0.601(10) 0.0600 
H(31 N) 0.152(6) 0.1982(22) -0.382(10) 0.0600 
11(38) 0.259(5) 0.161(3) -0.067(11) 0.0600 
 0.190(6) 0.2290(20) 0.001(12) 0.0600 
 0.130(8) 0.1896(24) 0.093(8) 0.0600 
11(11W) 0.526(7) 0.5374(23) 0.371(7) 0.0600 
1-1(12W) 0.481(7) 0.5065(16) 0.514(10) 0.0600 
11(31W) 0.895(5) 0.21 5(3) 0.280(9) 0.0600 
11(32W) 1.017(5) 0.2329(25) 0.288(9) 0.0600 
11(41W) 0.797(8) 0.535(3) 0.101(6) 0.0600 
H(42W) 0.859(6) 0.547(3) 0.300(8) 0.0600 
H(51W) 0.785(6) 0.795(3) 0.160(12) 0.0600 
11(52W) 0.913(4) 0.810(3) 0.218(12) 0.0600 
11(61W) 0.433(6) 0.3411(16) 0.051(11) 0.0600 
11(62W) 0.341(4) 0.3103(24) -0.033(12) 0.0600 
H(21W) 1.026(7) 0.1299(24) 0.477(8) 0.0600 
11(22W) 1.000(7) . 	 0.1599(18) 0.313(10) 0.0600 
Table 5.2.2 Anisotropic thermal parameters in A 2 
U,, U22 U33 U23 U13 U12 
C(1). 0.040(5) 0.040(5) 0.022(4) 0.004(4) 0.002(4) -0.001(4) 
 0.034(5) 0.028(5) 0.044(6) 0.004(4) 0.000(4) -0.001(4) 
 0.056(6) 0.033(5) 0.022(5) 0.007(4) -0.006(4) -0.009(5) 
 0.047(6) 0.041(6) 0.028(5) 0.012(4) 0.007(4) -0.005(5) 
 0.033(5) 0.039(5) 0.032(5) 0.006(4) -0.001(4) 0.014(4) 
 0.034(5) 0.036(5) 0.029(5) -0.006(4) 0.006(4) -0.003(4) 
 0.028(5) 0.029(4) 0.033(5) -0.001(4) 0.009(4) 0.000(4) 
 0.041(5) 0.035(5). 0.035(5) -0.006(4) -0.001(4) 0.007(4) 
-0.025(5)- 0.- 029(5) 0.-061'(6) - 0.000(5) 0.007(4) 	- 0.001(4) 	- 
 0.049(6) 0.040(5) 0.038(5) 0.001(4) -0.005(5) 0.002(5) 
 0.041(6) 0.037(5) 0.041(6) 0.002(4) 0.009(4) 0.001(4) 
 0.046(6) 0.040(5) 0.033(5) -0.004(4) 0.003(4) -0.008(4) 
 0.045(6) 0.036(5) 0.034(5) 0.002(4) 0.016(4) -0.006(4) 
 0.034(5) 0.032(5) 0.034(5) 0.004(4) 0.006(4) 0.003(4) 
 0.053(6) 0.031(5) 0.077(8) -0.006(5) 0.022(5) -0.021(5) 
 0.038(6) 0.025(4) 0.050(6) 0.010(4) 0.016(4) -0.001(4) 
 0.050(7) 0.036(5) 0.050(6) 0.012(5) 0.012(5) -0.014(5) 
 0.028(5) 0.038(6) 0.092(8) -0.002(6) 0.013(6) -0.011(4) 
 0.036(5) 0.048(6) 0.040(5) -0.007(5) 0.007(4) -0.002(4) 
 0.030(5) 0.035(5) 0.073(7) -0.003(5) 0.011(5) 0.003(4) 
 0.030(5) 0.028(5) 0.070(7) -0.004(5) 0.021(5) 0.005(4) 
 0.057(7) 0.025(5) 0.102(9) 0.01 0(6) 0.002(6) -0.004(5) 
 0.040(6) 0.045(6) 0.071(7) -0.001(5) 0.009(5) -0.005(5) 
 0.049(5) 0.022(4) 0.049(5) 0.000(3) 0.003(4) -0.003(3) 
 0.040(5) 0.031(4) 0.046(5) 0.000(3) 0.011(4) 0.003(3) 
0(1) 0.059(4) 0.029(4) 0.103(6) 0.006(4) 0.039(4) 0.008(3) 
0(2). 0.033(3) 0.044(4) 0.063(4) 0.008(3) 0.005(3) -0.003(3) 
0(3) 0.059(4) 0.033(4) 0.073(5) 0.002(3) 0.000(3) -0.011(3) 
0(4) 0.031(3) 0.038(3) 0.067(4) 0.003(3) 0.000(3) -0.006(3) 
C(1 1 ) 0.031(5) 0.049(6) 0.026(5) -0.009(4) 0.009(4) -0.007(4) 
 0.054(6) 0.030(5) 0.028(5) -0.005(4) 0.011(4) 0.001(4) 
 0.041(6) 0.041(5) 0.042(6) -0.013(4) -0.002(4) -0.014(5) 
 0.041(6) 0.052(6) 0.026(5) -0.010(4) 0.009(4) 0.000(5) 
 0.047(6) 0.021(5) 0.041(5) -0.005(4) 0.013(4) 0.002(4) 
 0.041(5) 0.042(5) 0.031(5) -0.009(4) 0.001 (4) -0.001(5) 
 0.027(5) 0.032(5) 0.044(5) 0.002(4) 0.001(4) -0.002(4) 
C(8') 0.035(5) 0.015(4) 0.037(5) -0.001(4) 0.011(4) -0.007(4) 
C(9 1 ) 0.034(5) 0.020(4) 0.078(7) -0.001(5) 0.007(5) 0.007(4) 
C(10') 0.070(7) 0.052(6) 0.028(5) 0.011(5) -0.005(5) -0.014(5) 
C(1 1') 0.053(7) 0.044(6) 0.047(7) -0.004(5) -0.012(5) -0.008(5) 
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 0.040(5) 0.037(5) 0.033(5) -0.009(4) 0.003(4) 0.005(4) 
 0.040(5) 0.024(5) 0.048(6) 0.000(4) -0.003(4) 0.001(4) 
 0.029(5) 0.035(5) 0.053(6) -0.002(4) 0.005(4) 0.000(4) 
 0.066(7) 0.014(4) 0.079(8) 0.005(5) -0.005(6) -0.004(5) 
 0.034(5) 0.035(5) 0.072(7) -0.002(5) -0.004(5) -0.013(5) 
 0.071(8) 0.026(5) 0.063(7) -0.006(5) -0.002(6) -0.002(5) 
 0.060(7) 0.040(6) 0.095(9) -0.008(6) 0.006(7) -0.005(6) 
 0.035(5) 0.035(5) 0.077(7) 0.000(5) 0.000(5) 0.004(4) 
 0.034(5) 0.054(6) 0.065(7) -0.003(5) 0.01 2(5) -0.002(5) 
 0.045(6) 0.041(6) 0.034(5) -0.005(4) 0.018(4) 0.002(5) 
 0.062(9) 0.031(6) 0.201(18) -0.004(9) 0.013(9) -0.005(6) 
 0.027(5) 0.060(7) 0.068(7) -0.002(5) 0.007(5) 0.002(5) 
 0.034(4) 0.036(4) 0.039(4) -0.006(3) 0.010(3) 0.002(3) 
 0.050(5) 0.041(5) 0.047(5) -0.001(4) 0.003(4) 0.009(4) 
0(1 1 ) 0.044(4) 0.034(4) 0.109(6) -0.008(4) 0.005(4) 0.005(3) 
0(2') 0.043(4) 0.037(4) 0.113(6) 0.000(4) 0.025(4) -0.009(3) 
0(3') 0.054(4) 0.028(4) 0.113(6) -0.001(4) 0.008(4) -0.002(3) 
0(4') 0.033(3) 0.042(3) 0.071(4) -0.013(3) 0.012(3) -0.010(3) 
 0.053(7) 0.049(6) 0.069(7) 0.011(6) -0-018(5) -0.009(5) 
 0.072(9) 0.068(8) 0.070(8) 0.016(6) 0.009(7) -0.025(7) 
 0.048(7) 0.062(7) 0.072(7) -0.017(6) 0.020(6) -0.011(6) 
 0.028(5) 0.057(7) 0.097(8) -0.003(7) 0.001(5) -0.008(5) 
 0.072(8) 0.037(5) 0.055(7) -0.007(5) -0.009(6) 0.016(5) 
 0.053(6) 0.034(5) 0.053(6) -0.009(5) 0.010(5) -0.006(5) 
 0.059(7) 0.069(7) 0.044(6) 0.004(6) 0.022(5) -0.011(6) 
 0.040(6) 0.059(7) 0.066(8) 0.002(6) 0.015(5) -0.003(5) 
. 0.040(5) 0.045(6) 0.052(6) -0.002(5) 0.005(5) 0.000(4) 
 0.065(7) 0.054(6) 0.018(5) 0.000(5) 0.001(5) 0.011(5) 
 0.053(6) 0.034(5) 0.076(8) 0.001(5) 0.001(6) 0.006(5) 
 0.046(8) 0.063(8) 0.141(13) -0.009(9) 0.007(8) 0.009(7) 
0(35) 0.124(9) 0.115(9) 0.184(12) 0.060(9) -0.034(8) 0.012(7) 
0(36) 0.049(7) 0.306(23) 0.50(3) 0.188(22) 0.015(12) 0.050(10) 
N(31) 0.043(5) 0.056(5) 0.070(6) 0.015(5) 0.015(4) 0.005(4) 
0(31) 0.046(4) 0.079(5) 0.067(5) 0.005(4) 0.009(4) 0.000(4) 
0(32) 0.097(6) 0.148(8) 0.065(5) 0.015(5) 0.029(5) 0.078(6) 
0(33) 0.074(5) 0.089(5) 0.035(4) 0.004(4) 0.01 8(3) -0.033(4) 
0(34) 0.085(5) 0.081(5) 0.047(4) 0.013(4) 0.009(4) -0.015(4) 
0(1W) 0.120(7) 0.064(5) - 	 0.062(5) -0.006(4) 0.001(4) -0.006(5) . 
0(2W) 0.079(6) 0.094(6) 0.067(5) 0.000(5) 0.01 5(4) -0.008(5) 
0(3W) 0.118(8) 0.112(8) 0.172(11) -0.002(8) 0.065(7) -0.014(7) 
0(4W) 0.126(10) 0.134(10) 0.207(12) -0.004(11) -0.011(10) 0.009(8) 
0(5W) 0.281(18) 0.123(11) 0.214(15) 0.008(10) 0.136(14) 0.070(11) 
0(6W) 0.158(9) 0.085(6) 0.107(7) -0.008(6) 0.019(7) 0.023(7) 
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Table 6.1.1 Atomic coordinates with esds for 6.1 
x Y z u lso 
 0.2719(5) 0.55782(16) 0.2108(5) 0.030(3) 
 0.1825(6) 0.59193(17) 0.1954(6) 0.036(3) 
 0.0647(6) 0.59090(17) 0.0946(6) 0.032(3) 
 0.0301(6) 0.55625(18) 0.0100(6) 0.037(3) 
 0.1198(6) 0.52282(17) 0.0232(6) 0.034(3) 
 0.2424(6) 0.52385(16) 0.1245(6) 0.033(3) 
 0.3629(5) 0.49402(16) 0.1518(5) 0.030(3) 
 0.4477(5) 0.50920(15) 0.2950(5) 0.027(3) 
 0.3241(6) 0.44823(16) 0.1498(6) 0.034(3) 
 0.5483(6) 0.45828(17) 0.0652(6) 0.038(3) 
C(l1) 0.4555(6) 0.49578(17) 0.0352(5) 0.035(3) 
 0.2919(6) 0.43149(17) 0.2886(6) 0.036(3) 
 0.4172(6) 0.43983(16) 0.4047(6) 0.033(3) 
 0.4237(6) 0.48614(16) 0.4261(5) 0.031(3) 
 0.5279(6) 0.39941(18) 0.2250(6) 0.040(3) 
 0.5490(6) 0.42092(16) 0.3629(6) 0.034(3) 
 0.6750(6) 0.42374(17) 0.4420(6) 0.040(3) 
 0.7000(7) 0.44752(19) 0.5780(7) 0.050(4) 
 0.5303(6) 0.50305(17) 0.5506(6) 0.037(3) 
 0.5390(6) 0.54994(18) 0.5421(6) 0.038(3) 
 0.4294(6) 0.57115(17) 0.4356(6) 0.033(3) 
 -0.0009(8) 0.65828(19) 0.1515(7) 0.056(4) 
 -0.1404(8) 0.52272(22) -0.1546(8) 0.069(5) 
 0.3930(4) 0.55164(13) 0.3099(4) 0.0292(25) 
 0.4530(5) 0.42638(14) 0.1110(5) 0.035(3) 
0(1) 0.3819(4) 0.60392(12) 0.4611(4) 0.0433(25) 
0(2) 0.6723(4) 0.48995(12) 05492(4) 0.0419(24) 
0(3) -0.0289(4) 0.62290(12) 0.0663(4) 0.0434(24) 
0(4) -0.0899(4) 0.55880(13) 	. -0.0849(4) 0.0464(25) 
 1.0285(6) 0.07923(17) 0.4707(6) 0.035(3) 
 1.0413(6) 0.04397(17) 0.5535(6) 0.040(3) 
 1.1433(6) 0.04432(17) 0.6714(6) 0.036(3) 
 1.2268(6) 0.07884(18) 0.7102(6) 0.039(3) 
 1.2136(6) 0.11278(18) 0.6231(6) 0.038(3) 
- C(6') 	- 	- - 1.1114(5)- 	-- 0.11266(16) -- -- -0.5023(6) - 	0.033(3) 
 1.0862(6) 0.14401(16) 0.3876(6) 0.034(3) 
 0.9458(6) 0.12926(16) 0.2985(6) 0.033(3) 
C(91 ) 1.0843(6) 0.18908(17) 0.4365(6) 0.039(3) 
 1.1838(8) 0.18476(20) 0.2179(7) 0.052(4) 
 1.2062(7) 0.14483(18) 0.3001(6) 0.046(4) 
 0.9429(7) 0.20442(19) 0.4696(6) 0.046(4) 
 0.8300(6) 0.19778(18) 0.3396(6) 0.040(3) 
 0.81 06(6) 0.15134(16) 0.3213(6) 0.033(3) 
C(1 5') 1.0129(7) 0.24117(19) 0.2408(7) 0.051(4) 
 0.8778(7) 0.21874(18) 0.2133(6) 0.045(4) 
 0.7988(8) 0.21775(21) 0.0864(7) 0.059(4) 
 0.6635(9) 0.19446(22) 0.0544(8) 0.065(5) 
 0.6896(6) 0.13598(19) 0.2132(6) 0.044(4) 
 0.7006(6) 0.08920(19) 0.1979(6) 0.042(4) 
 0.8076(6) 0.06645(19) 0.3039(6) 0.038(3) 
 1.0765(7) -0.02181(19) 0.7376(8) 0.053(4) 
 1.3950(8). 0.11148(21) 0.8841(7) 0.061(4) 
 0.9283(5) 0.08638(13) 0.3440(5) 0.033(3) 
 1.1275(5) 0.21408(14) 0.3162(5) 0.043(3) 
0(1 1 ) 0.7797(4) 0.03300(13) 0.3477(5) 0.049(3) 
0(2') 0.6894(5) 0.15114(14) 0.0725(4) 0.056(3) 
0(3') 1.1708(4) 0.01143(12) 0.7620(4) 0.048(3) 
0(4') 1.3237(4) 0.07539(13) 0.8311(4) 0.047(3) 
 0.7920(7) 0.32119(20) 1.2916(8) 0.056(5) 
 0.7606(10) 0.31449(25) 1.4232(12) 0.081(6) 
 0.8516(12) 0.3303(3) 1.5425(10) 0.083(7) 
 0.9636(9) 0.3533(3) 1.5234(8) 0.071(6) 
 0.9949(7) 0.35990(24) 1.3895(7) 0.058(4) 
 0.9082(6) 0.34391(19) 1.2724(7) 0.042(4) 
 0.9560(7) 0.34928(22) 1.1337(7) 0.049(4) 
 0.7602(6) 0.35286(20) 0.9448(6) 0.040(4) 
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 0.5651(6) 0.34864(17) 0.7502(6) 0.035(3) 
 0.4668(6) 0.37566(19) 0.8166(6) 0.039(4) 
 0.4784(6) 0.31393(18) 0.6648(6) 0.040(3) 
 0.3842(8) 0.33019(20) 0.5376(7) 0.053(4) 
 0.3155(8) 0.29747(24) 0.4413(9) 0.059(5) 
N(31) 0.6716(5) 0.32961(15) 0.8547(5) 0.043(3) 
0(31) 0.8582(5) 0.32958(14) 1.0217(5) 0.057(3) 
0(32) 0.7522(4) 0.38999(13) 0.9534(5) 0.052(3) 
0(33) 0.4240(5) 0.40824(14) 0.7524(5) 0.062(3) 
0(34) 0.4273(4) 0.36427)13) 0.9290(4) 0.0431(25) 
0(35) 0.2694(8) 0.26703(18) 0.4986(7) 0.105(5) 
0(36) 0.2963(7) 0.30316(25) 0.3142(6) 0.109(5) 
0(1W) 0.9753(6) 0.91924(19) 0.1065(7) 0.086(4) 
0(2W) 0.8533(6) 0.84111(19) 0.1150(7) 0.086(4) 
0(3W) 0.3648(7) 0.68708(19) 0.3846(8) 0.106(5) 
0(4W) 0.2108(6) 0.75194(16) 0.2426(6) 0.072(4) 
0(5W) 0.6143(6) 0.70778(16) 0.3102(6) 0.076(4) 
0(6W) 0.6982(7) 0.72799(18) 0.0594(6) 0.085(4) 
0(7W) 0.4544(7) 0.28927(19) 0.0957(6) 0.087(4) 
0(8W) 0.8325(7) 0.94967(18) 0.3047(9) 0.109(5) 
0(9W) 0.9090(7) 0.76964(20) 0.2506(8) 0.103(5) 
0(1OW) 0.484(4) 0.2210(10) 0.347(3) 0.1000 
P1(21) 0.2062 0.6185 0.2622 0.0600 
P1(51) 0.0956 0.4963 -0.0438 0.0600 
1-1(81) 0.5591 0.5056 0.2904 0.0600 
11(91) 0.2270 0.4434 0.0763 0.0600 
P1(101) 0.6370 0.4645 0.1478 0.0600 
1-1(102) 0.5873 0.4485 -0.0286 0.0600 
-4(111) 0.5184 0.5235 0.0432 0.0600 
1-1(112) 0.3911 0.4941 -0.0681 0.0600 
P1(121) 0.2736 0.3988 0.2793 0.0600 
P1(122) 0.1985 0.4464 0.3140 0.0600 
H(131) 0.4077 0.4260 0.5047 0.0600 
H(141) 0.3193 0.4916 0.4512 0.0600 
1-1(151) 0.6300 0.3909 0.2000 0.0600 
P1(152) 0.4653 0.3721 0.2319 0.0600 
1-1(171) 0.7637 0.4085 0.4081 0.0600 
H(181) 0:8088 0.4437 0.6286 0.0600 
P1(182) 0.6300 0.4363 0.6466 0.0600 
H(191) 0.4921 0.4920 0.6432 0.0600 
P1(201) 0.6420 0.5576 0.5173 0.0600 
H(202) 0.5300 0.5620 0.6446 0.0600 
H(221) -0.0818 0.6811 0.1186 0.0600 
P1(222) 0.1016 0.6706 0.1408 0.0600 
P1(223) -0.0013 0.6502 0.2602 0.0600 
P1(231) -0.2367 0.5293 -0.2272 0.0600 
P1(232) -0.1621 0.5003 -0.0785 0.0600 
P1(233) -0.0614 0.5108 -0.2121 0.0600 
H(2N) 0.4180 0.4053 0.0257 0.0600 
P1(22) 0.9739 0.0176 0.5259 0.0600 
P1(52) 1.2820 0.1391 0.6486 0.0600 
P1(82) 0.9557 0.1344 0.1898 0.0600 
P1(92) 1.1552 0.1922 0.5357 0.0600 
H(103) 1.1079 0.1806 0.1224 0.0600 
1-1(104) 1.2827 0.1958 0.1919 0.0600 
P1(113) 1.1986 0.1189 0.2295 0.0600 
1-1(114) 1.3084 0.1446 0.3677 0.0600 
P1(123) 0.9506 0.2367 0.4955 0.0600 
P1(124) 0.9152 0.1875 0.5575 0.0600 
P1(132) 0.7289 0.2112 0.3497 0.0600 
P1(142) 0.7824 0.1437 0.4222 0.0600 
P1(153) 1.0412 0.2510 0.1419 0.0600 
P1(154) 1.0013 0.2677 0.3051 0.0600 
P1(172) 0.8343 0.2347 0.0023 0.0600 
P1(183) 0.6147 0.2004 -0.0532 0.0600 
P1(184) 0.5932 0.2043 0.1247 0.0600 
P1(192) 0.5959 0.1464 0.2517 0.0600 
P1(203) 0.7269 0.0832 0.0949 0.0600 
H(204) 0.5975 0.0765 0.2037 0.0600 
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H(224) 1.1090 -0.0455 0.8148 0.0600 
11(225) 1.0774 -0.0339 0.6333 0.0600 
11(226) 0.9707 -0.0116 0.7459 0.0600 
11(234) 1.4680 0.1044 0.9793 0.0600 
11(235) 1.3185 0.1338 0.9070 0.0600 
H(236) 1.4529 0.1238 0.8064 0.0600 
11(2N') 1.2090 0.2355 0.3607 0.0600 
H(30) 0.7241 0.3084 1.2011 0.0600 
11(31) 0.6671 0.2972 1.4360 0.0600 
H(32) 0.8311 0.3240 1.6474 0.0600 
11(33) 1.0301 0.3669 1.6135 0.0600 
11(34) 1.0874 0.3776 1.3765 0.0600 
H(361) 1.0600 0.3358 1.1389 0.0600 
11(362) 0.9614 0.3816 1.1110 0.0600 
11(38) 0.6170 0.3679 0.6829 0.0600 
11(401) 0.4139 0.2988 0.7315 0.0600 
11(402) 0.5511 0.2920 0.6319 0.0600 
H(41 1) 0.4468 0.3493 0.4798 0.0600 
11(412) 0.3019 0.3484 0.5717 0.0600 
H(31 N) 0.6797 0.2966 0.8602 0.0600 
11(11W) 0.9346 0.9297 0.1970 0.0600 
11(12W) 1.0727 0.9024 0.1083 0.0600 
11(21W) 0.9072 0.8691 0.0892 0.0600 
11(22W) 0.7757 0.8483 0.1813 0.0600 
11(31W) 0.4388 0.7029 0.3314 0.0600 
11(32W) 0.3699 0.6543 . 0.3876 0.0600 
11(41W) 0.2478 0.7255 0.3038 0.0600 
11(42W) 0.1004 0.7595 0.2182 0.0600 
11(51W) 0.6384 0.7132 0.2051 0.0600 
11(52W) 0.6147 0.7337 0.3791 0.0600 
11(61W) 0.7886 0.7460 0.1141 0.0600 
11(62W) 0.6080 0.7489 0.0287 0.0600 
11(71W) 0.4016 0.2962 0.1854 0.0600 
H(72W) 0.5034 0.3160 0.0558 0.0600 
11(81W) 0.8169 0.9797 0.3458 0.0600 
11(82W) 0.7343 0.9325 0.2715 0.0600 
11(91W) 0.8875 0.8002 0.2101 0.0600 
11(92W) -- -- 	0.8622 - -0.7604 	--0.3409 - . 0.0600 
Table 6.1.2 Anisotropic thermal parameters in A 2 
U 11 U22 U33 U23 U13 U12 
CO) 0.036(3) 0.030(3) 0.023(3) 0.0052(24) 0.0050(24) 	-0.0034(25) 
 0.048(3) 0.028(3) 0.030(3) -0.0016(24) 0.003(3) 0.007(3) 
 0.034(3) 0.030(3) 0.032(3) 0.000(3) 0.006(3) 0.0059(25) 
 0.037(3) 0.044(4) 0.027(3) 0.000(3) -0.006(3) 0.001(3) 
C(S) 0.033(3) 0.035(3) 0.031(3) -0.003(3) -0.004(3) -0.006(3) 
 0.038(3) 0.026(3) 0.033(3) -0.0007(25) 0.004(3) 0.005(3) 
 0.028(3) 0.029(3) 0.031(3) 0.0004(24) -0.0044(24) 	-0.0018(24) 
 0.031(3) 0.021(3) 0.026(3) -0.0033(23) -0.0030(23) 	-0.0010(22) 
 0.035(3) 0.027(3) 0.040(3) -0.002(3) 0.001(3) -0.0050(24) 
 0.044(3) 0.034(3) 0.036(3) -0.007(3) 0.007(3) -0.001(3) 
CO 1) 0.048(3) 0.030(3) 0.028(3) -0.0072(24) 0.011(3) 0.000(3) 
 0.034(3) 0.025(3) 0.048(4) -0.003(3) 0.001(3) -0.0080(25) 
 0.042(3) 0.023(3) 0.031(3) 0.0039(24) 0.002(3) 0.0028(25) 
 0.026(3) 0.034(3) 0.032(3) 0.0004(25) . 	 0.0015(24) 	0.0013(24) 
 0.036(3) 0.033(3) 0.048(4) 0.002(3) 0.000(3) 0.017(3) 
 0.040(3) 0.026(3) 0.035(3) 0.0013(24) 0.004(3) -0.002(3) 
 0.041(3) 0.031(3) 0.044(4) 0.000(3) -0.008(3) 0.011(3) 
 0.055(4) 0.037(4) 0.052(4) 0.002(3) -0.017(3) 0.008(3) 
 0.045(3) 0.029(3) 0.035(3) 0.001(3) -0.002(3) 0.001(3) 
 0.046(3) 0.034(3) 0.032(3) -0.005(3) 0.000(3) -0.004(3) 
 0.037(3) 0.029(3) 0.033(3) -0.004(3) 0.004(3) 0.001(3) 
 0.078(5) 0.035(4) 0.053(4) -0.004(3) 0.003(4) 0.016(3) 
 0.068(5) 0.048(4) 	- 0.080(5) -0.008(4) -0.042(4) 0.002(4) 
 0.0322(24) 0.0223(23) 0.032(3) -0.0017(20) 0.0013(20) 	0.0052(19) 
 0.036(3) 0.031(3) 0.036(3) -0.0092(21) -0.0006(21) 0.0051 (22) 
0(1) 0.056(3) 0.0281(22) 0.0428(24) -0.0093(19) -0.0011(20) 	0.0080(20) 
0(2) 0.0390(23) 0.0382(23) 0.0444(24) -0.0030(20) -0.0102(19) 0.0044(19) 
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0(3) 0.0489(24) 0.0344(23) 0.0430(23) -0.0003(19) -0.0074(19) 0.0183(19) 
0(4) 0.0410(22) 0.045(3) 0.0478(25) -0.0021(21) -0.0164(20) 0.0096(20) 
 0.034(3) 0.034(3) 0.036(3) 0.001(3) -0.002(3) 0.004(3) 
 0.044(3) 0.027(3) 0.045(4) 0.002(3) 0.003(3) -0.003(3) 
 0.033(3) 0.032(3) 0.043(3) 0.009(3) 0.008(3) 0.007(3) 
 0.043(3) 0.036(3) 0.037(4) 0.004(3) -0.003(3) 0.006(3) 
C(5 1 ) 0.045(3) 0.029(3) 0.039(3) -0.006(3) -0.003(3) 0.002(3) 
 0.029(3) 0.025(3) 0.042(3) -0.001(3) 0.001(3) 0.0041(24) 
 0.044(3) 0.024(3) 0.033(3) -0.0024(24) 0.004(3) 0.002(3) 
 0.046(3) 0.024(3) 0.028(3) 0.0009(24) 0.002(3) 0.0016(25) 
C(91 ) 0.056(4) 0.026(3) 0.031(3) -0.002(3) -0.009(3) -0.002(3) 
 0.064(4) 0.044(4) 0.049(4) 0.007(3) 0.016(3) -0.007(3) 
 0.056(4) 0.032(3) 0.047(4) 0.001(3) 0.009(3) -0.006(3) 
 0.064(4) 0.037(3) 0.034(3) -0.008(3) -0.005(3) 0.015(3) 
 0.048(3) 0.034(3) 0.035(3) -0.006(3) -0.005(3) 0.014(3) 
 0.037(3) 0.029(3) 0.032(3) 0.0031(25) 0.008(3) 0.005(3) 
 0.068(5) 0.033(3) 0.048(4) 0.005(3) -0.006(3) -0.003(3) 
 0.060(4) 0.026(3) 0.046(4) 0.004(3) -0.008(3) 0.004(3) 
 0.080(5) 0.044(4) 0.046(4) 0.004(3) -0.012(4) 0.002(4) 
 0.084(5) 0.046(4) 0.056(5) 0.011(3) -0.026(4) 0.010(4) 
 0.044(4) 0.044(4) 0.042(4) -0.002(3) -0.003(3) 0.005(3) 
 0.037(3) 0.045(4) 0.042(4) 0.000(3) -0.002(3) 0.000(3) 
 0.041(3) 0.034(3) 0.036(3) -0.008(3) -0.001(3) -0.005(3) 
 0.054(4) 0.033(3) 0.071(5) 0.015(3) 0.007(4) -0.003(3) 
 0.063(4) 0.049(4) 0.062(4) -0.004(4) -0.026(4) 0.000(4) 
 0.041(3) 0.0235(23) 0.032(3) -0.0018(20) -0.0032(22) 0.0005(21) 
 0.051(3) 0.031(3) 0.043(3) 0.0049(23) -0.0064(25) -0.0081(24) 
0( 1 ) 0.050(3) 0.033(3) 0.059(3) 0.0031(21) -0.0067(21), -0.0102(20) 
0(2') 0.067(3) 0.052(3) 0.043(3) 0.0023(22) -0.0163(22) -0.0079(23) 
0(3') 0.0415(24) 0.0379(24) 0.062(3) 0.0163(21) 0.0005(21) 0.0038(20) 
0(4') 0.0456(23) 0.0403(24) 0.050(3) 0.0082(21) -0.0131(21) 0.0051(20) 
 0.054(4) 0.038(4) 0.077(5) -0.005(4) 0.019(4) 0.003(3) 
 0.075(6) 0.051(5) 0.119(8) 0.023(5) 0.056(6) 0.018(4) 
 0.103(7) 0.077(6) 0.074(6) 0.036(5) 0.050(6) 0.043(6) 
 0.072(5) 0.093(6) 0.046(5) 0.01 9(4) 0.007(4) 0.032(5) 
 0.046(4) 0.069(5) 0.057(5) 0.003(4) 0.002(3) 0.014(4) 
 0.035(3) 0.037(3) 0.052(4) 0.008(3) 0.002(3) 0.009(3) 
 0.045(4) 0.053(4) 0.047(4) -0.003(3) - -0:001(3) 0.000(3 
 0.036(3) 0.043(4) 0.038(3) -0.004(3) 0.007(3) 0.005(3) 
 0.039(3) 0.030(3) 0.033(3) -0.002(3) 0.001(3) -0.003(3) 
 0.044(3) 0.039(4) 0.032(3) -0.009(3) -0.001(3) -0.003(3) 
 0.049(4) 0.031(3) 0.039(3) -0.010(3) 0.002(3) 0.000(3) 
 0.067(4) 0.037(4) 0.048(4) 0.000(3) -0.010(4) -0.002(3) 
 0.054(4) 0.057(5) 0.061(5) -0.006(4) -0.010(4) -0.005(4) 
N(31) 0.044(3) 0.033(3) 0.049(3) -0.0054(25) -0.004(3) 0.0060(23) 
0(31) 0.062(3) 0.043(3) 0.058(3) -0.0058(23) -0.0162(25) 0.0107(23) 
0(32) 0.049(3) 0.037(3) 0.067(3) -0.0113(23) -0.0080(22) 0.0073(21) 
0(33) 0.075(3) 0.041(3) 0.067(3) 0.0027(25) 0.017(3) 0.0135(24) 
0(34) 0.0455(24) 0.0444(25) 0.0383(24) -0.0112(20) 0.0081(19) -0.0019(20) 
0(35) 0.142(6) 0.051(3) 0.103(5) 0.014(3) -0.076(4) -0.033(4) 
0(36) 0.106(5) 0.170(7) 0.048(4) -0.038(4) 0.002(3) -0.026(5) 
0(1W) .0.061(3) 0.089(4) 0.106(5) -0.019(4) 0.008(3) 0.009(3) 
0(2W) 0.064(3) 0.085(4) 0.106(5) 0.021(4) 0.020(3) 0.009(3) 
0(3W) 0.092(5) 0.066(4) 0.161(6) 0.034(4) 0.045(4) 0.014(3) 
0(4W) 0.085(4) 0.055(3) 0.073(4) 0.005(3) 0.009(3) -0.005(3) 
0(5W) 0.077(4) 0.059(3) 0.088(4) -0.003(3) 0.000(3) 0.004(3) 
0(6W) 0.092(4) 0.074(4) 0.084(4) -0.011(3) -0.002)3) 0.013(3) 
0(7W) 0.088(4) 0.078(4) 0.093(4) 0.014(3) 0.020(3) 0.005(3) 
0(8W) 0.078(4) 0.056(4) 0.192(7) -0.042(4) 0.043(4) -0.005(3) 
0(9W) 0.085(4) 0.078(4) 0.136(6) 0.025(4) -0.020(4) -0.004(4) 
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Table 6.2.1 Atomic coordinates with esds for 6.2 
x Y z ulso 
CO) -0.1051(6) 0.5599 0.1233(6) 0.035(3) 
 -0.1895(6) 0.59496(20) 0.1147(6) 0.041(4) 
 -0.3111(6) 0.59429(19) 0.0140(6) 0.041(3) 
 -0.3474(6) 0.55923(20) -0.0773(6) 0.041(3) 
 -0.2559(6) 0.52504(20) -0.0708(6) 0.041(3) 
 -0.1336(6) 0.52554(19) 0.0313(6) 0.038(3) 
 -0.0140(6) 0.49474(18) 0.0536(6) 0.034(3) 
 0.0702(6) 0.50860(18) . 	0.2032(6) 0.037(3) 
 -0.0574(6) 0.44755(18) 0.0466(7) 0.041(3) 
 0.1677(7) 0.45695(21) -0.0482(8) 0.051(4) 
CO 1) 0.0795(7) 0.49679(20) -0.0706(7) 0.045(4) 
 -0.0918(6) 0.42871(21) 0.1897(7) 0.044(4) 
 0.0313(6) 0.43637(19) 0.3106(7) 0.042(4) 
 0.0412(6) 0.48406(18) 0.3366(6) 0.036(3) 
 0.1429(7) 0.39541(21) 0.1166(7) 0.047(4) 
CO 6) 0.1623(6) 0.41658(19) 0.2624(6) 0.042(4) 
 0.2885(7) 0.41844(21) 0.3436(7) 0.050(4) 
 0.3103(8) 0.44092(21) 0.4894(8) 0.059(4) 
 0.1445(6) 0.49981(19) 0.4684(7) 0.044(4) 
 0.1584(6) 0.54796(19) 0.4668(6) 0.041(3) 
 0.0577(6) 0.57128(19) 0.3570(6) 0.038(3) 
 -0.3737(8) 0.66271 (22) 0.0875(7) 0.056(4) 
 -0.5231(8) 0.5249(3) -0.2440(9) 0.070(5) 
 0.0201(5) 0.55184(15) 0.2242(5) 0.037(3) 
 0.0688(5) 0.42419(16) 0.0006(5) 0.044(3) 
0(1) 0.0150(5) 0.60725(14) 0.3821(4) 0.050(3) 
0(2) 0.2884(4). 0.48555(14) 0.4682(5) 0.053(3) 
0(3) -0.4043(4) 0.62777(14) -0.0093(4) 0.050(3) 
0(4) -0.4722(4) 0.56236(14) -0.1690(4) 0.051(3) 
 -0.4261(6) 0.58576(19) 0.4361(6) 0.039(3) 
 -0.4329(6) 0.54974(19) 0.3509(6) 0.040(3) 
 -0.5358(6) 0.54837(19) 0.2290(6) 0.041(4) 
 -0.6271(6) 0.58291(20) 0.1901(6) 0.041(3) 
C(5 1 ) -0.6205(6) 0.61755(20) 0.2809(6) 0.041(3) 
C(6') -0.5197(6) 0.61897(19) 0.4066(6) 0.038(3) 
C(7') -0.5005(6) 0.65164(19) 05279(6) 0.039(3) 
C(8 1 ) -0.3535(6) 0.63933(19) 0.6153(7) 0.040(3) 
C(9 1 ) -0.5137(7) 0.69810(20) 0.4810(7) 0.048(4) 
C(10 1 ) -0.5977(7) 0.68859(22) 0.7163(7) 0.054(4) 
 -0.6165(7) 0.64768(21) 0.6277(7) 0.048(4) 
 -0.3774(7) 0.71764(21) 0.4403(7) 0.053(4) 
 -0.2627(7) 0.71287(20) 0.5692(7) 0.050(4) 
c(14') -0.2273(6) 0.66532(20) 0.5826(7) 0.044(4) 
C(15) -0.4556(7) 0.75110(21) 0.6829(8) 0.056(4) 
c(16') -0.3073(8) 0.73209(21) 0.7064(7) 0.055(4) 
 -0.2279(8) 0.73183(22) 0.8356(8) 0.062(5) 
 -0.0871(8) 0.71039(24) 0.8618(9) 0.069(5) 
 -0.0990(7) 0.65116(22) 0.6916(7) 0.051(4) 
 -0.0952(6) 0.60317(20) 0.7052(7) 0.047(4) 
 -0.1999(6) 0.57736(20) 0.6031(6) 0.040(4) 
 -0.4656(7) 0.47919(22) 0.1722(8) 0.059(5) 
 -0.7854(8) 0.61591(24) 0.0027(9) 0.068(5) 
N( 1') -0.3274(5) 0.59563(15) 0.5635(5) 0.040(3) 
N(2') -0.5607(6) 0.72066(17) 0.6106(6) 0.051(3) 
0(1 1 ) -0.1697(4) 0.54221(15) 0.5591(5) 0.051(3) 
0(2') -0.1001(5) 0.66575(15) 0.8396(5) 0.059(3) 
0(3') -0.5572(4) 0.51395(13) 0.1373(4) 0.046(3) 
0(4') -0.7173(4) 0.57848(14) 0.0630(5) 0.051(3) 
 -0.3697(6) 0.83430(20) 0.1951(8) 0.049(4) 
 -0.3798(7) 0.83060(23) 0.0425(8) 0.057(4) 
 -0.4950(8) 0.8479(3) -0.0434(9) 0.074(6) 
 -0.6004(9) 0.8693(3) 0.0227(12) 0.080(6) 
 -0.5957(8) 0.8717(3) 0.1718(11) 0.074(6) 
 -0.4790(7) 0.85405(21) 0.2590(8) 0.053(4) 
 -0.3159(7) 0.83266(21) 0.4420(8) 0.051(4) 
 -0.2657(6) 0.82134(19) 0.3171(7) 0.045(4) 
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,C(39) -0.1308(6) 0.79857(20) 0.3048(7) 0.048(4) 
 -0.0253(6) 0.82620(18) 0.2360(7) 0.040(3) 
 0.0262(6) 0.86420(20) 0.3317(7) 0.043(4) 
 0.1372(7) 0.79405(23) 0.0827(8) 0.054(4) 
 0.2598(8) 0.7650(3) 0.0791(9) 0.072(5) 
0(31) 0.0283(5) 0.89931(14) 0.2677(5) 0.060(3) 
0(32) 0.0697(5) 0.85876(15) 0.4642(5) 0.064(3) 
0(33) 0.0790(6) 0.81254(19) -0.0283(5) 0.079(4) 
 -0.4463(6) 0.85248(20) 0.4088(7) 0.063(4) 
 0.0988(5) 0.80023(17) 0.21 69(5) 0.046(3) 
0(1W) 0.2334(6) 0.95615(20) 0.4003(9) 0.102(5) 
0(2W) 0.6482(5) 0.38982(21) 0.4196(6) 0.079(4) 
0(3W) 0.1825(6) 0.75013(19) 0.4822(6) 0.080(4) 
0(4WA) 0.0372(9) 0.7971(3) 0.6727(8) 0.076(3) 
0(4WB) 0.150(3) 0.8116(8) 0.694(3) 0.098(10) 
0(5W) 0.0421(10) 0.6905(3) 0.2732(10) 0.140(3) 
11(2) -0.1624 0.6220 0.1842 0.0600 
(1(5) -0.2795 0.4986 -0.1443 0.0600 
(1(8) 0.1811 0.5044 0.1967 0.0600 
(1(9) -0.1543 0.4449 -0.0285 0.0600 
(1(1 01) 0.2570 0.4616 0.0360 0.0600 
H(102) 0.2044 0.4476 -0.1496 0.0600 
(1(1 11) 0.1457 0.5244 -0.0594 0.0600 
(1(1 12) 0.0159 0.4969 -0.1775 0.0600 
H(121) -0.1860 0.4432 0.2193 0.0600 
(1(122) -0.1088 0.3953 0.1756 0.0600 
(1(1 3) 0.0186 0.4221 0.4148 0.0600 
H(14) -0.0638 0.4898 0.3626 0.0600 
H(151) 0.2448 0.3870 0.0876 0.0600 
(1 (152) 0.0804 0.3673 0.1228 0.0600 
(1(1 7) 0.3772 0.4034 0.3042 0.0600 
(1(181) 0.4172 0.4356 0.5413 0.0600 
(1(1 82) 0.2375 0.4288 0.5590 0.0600 
(1(1 9) 0.1009 0.4878 0.5626 0.0600 
11(201) 0.2641 0.5555 6.4467 0.0600 
(1(202) 0.1429 0.5592 0.5745 0.0600 
11(221) -0.4520 0.6870 0.0603 0.0600 
(1(222) -0.2706 -- 	0.6751 0.0765 0.0600 
(1(223) -0.3755 0.6525 0.1995 0.0600 
(1(231) -0.6216 0.5315 -0.3128 0.0600 
(1(232) -0.5397 0.5010 -0.1645 0.0600 
(1(233) -0.4467 0.5139 -0.3116 0.0600 
H(2N) 0.0310 0.4031 -0.0887 0.0600 
11(52) -0.3612 0.5238 0.3779 0.0600 
H(55) -0.6933 0.6433 0.2555. 0.0600 
H(58) -0.3595 0.6436 0.7311 0.0600 
11(59) -0.5872 0.7008 0.3809 0.0600 
(1(601) -0.5140 0.6855 0.8075 0.0600 
(1(602) -0.6945 0.6970 0.7573 0.0600 
H(61 1) -0.7198 0.6459 0.5637 0.0600 
(1 (612) -0.5999 0.6205 0.6987 0.0600 
H(621) -0.3945 0.7506 0.4153 0.0600 
(1(622) -0.3473 0.7017 0.3454 0.0600 
(1(63) -0.1681 0.7297 0.5533 0.0600 
H(64) -0.1992 0.6596 0.4743 0.0600 
 -0.4549 0.7787 0.6143 0.0600 
 -0.4848 0.7600 0.7883 0.0600 
H(67) -0.2651 0.7481 0.9261 0.0600 
 -0.0404 0.7162 0.9741 0.0600 
 -0.0197 0.7231 0.7875 0.0600 
11(69) -0.0108 0.6645 0.6459 0.0600 
11(701) -0.1117 0.5956 0.8163 0.0600 
11(702) 0.0093 0.5933 0.6880 0.0600 
11(721) -0.4931 0.4544 0.0930 0.0600 
-4(722) -0.4761 0.4679 0.2811 0.0600 
11(723) -0.3580 0.4889 0.1688 0.0600 
11(731) -0.8540 0.6084 -0.0975 0.0600 
(1(732) -0.7065 0.6382 -0.0210 0.0600 
11(733) -0.8468 0.6295 0.0813 0.0600 
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H(32) -0.2999 0.8143 -0.0080 0.0600 
-1(33) -0.5055 0.8454 -0.1619 0.0600 
 -0.6868 0.8840 -0.0472 0.0600 
 -0.6792 0.8868 0.2203 0.0600 
H(37) -0.2631 0.8267 0.5520 0.0600 
 -0.0838 0.7891 0.4137 0.0600 
 -0.1542 0.7710 0.2369 0.0600 
H(401) -0.0791 0.8381 0.1330 0.0600 
 0.2928 0.7524 0.1877 0.0600 
 0.3459 0.7824 0.0433 . 0.0600 
 0.2296 0.7396 0.0033 0.0600 
N(31N) -0.5100 0.8646 0.4876 0.0600 
H(32N) 0.1598 0.7859 0.3118 0.0600 
H(1 1W) 0.2101 0.9890 0.4139 0.1000 
H(21W) 0.1511 0.9338 0.3682 0.1000 
H(21W) 0.7424 0.3708 0.4415 0.1000 
H(22W) 0.6443 0.4179 0.4867 0.1000 
H(31W) 0.2783 0.7344 0.5334 0.0800 
H(32W) 0.1231 0.7665 0.5572 0.0800 
H(41W) 0.1032 0.7907 	. 0.7750 0.1000 
H(42W) -0.0304 0.8242 0.6590 0.1000 
H(51W) -0.0490 0.6933 0.3226 0.1100 
H(52W) 0.1490 0.6830 0.2911 0.1100 
Table 6.2.2 	Anisotropic thermal parameters in A 2 
U11 U22 U33 U23 U13 U12 
C( 1) 0.037(3) 0.033(3) 0.033(3) 0.0007(25) -0.0031(24) 0.003(3) 
 0.041(3) 0.043(4) 0.039(3) -0.002(3) 0.003(3) 0.007(3) 
 0.042(3). 0.04(4) 0.038(3) 0.005(3) 0.000(3) 0.010(3) 
 0.037(3) 0.049(4) 0.034(3) 0.000(3) -0.006(3) 0.003(3) 
 0.041(3) 0.048(4) 0.033(3) -0.003(3) 0.003(3) -0.002(3) 
 0.037(3) 0.039(3) 0.037(3) -0.002(3) 0.001(3) -0.004(3) 
C(7} 0.029(3) 0.039(3) 0.033(3) -0.0037(25) -0.0007(24) 0.0004(25) 
C(8) 0.046(3) 0.034(3) 0.028(3) -0.0031(24) 0.004(3) 0.000(3) 
C(9) 0.038(3) 0.036(3) 0.049(4) -0.003(3) 0.009(3) -0.004(3) 
C(10) 0.048(4) 0.046(4) 0.058(4) -0.011(3) 0.006(3) -0.005(3) 
-. 	- 	 CO 1) 0.050(4) -- 0.044(4) 0.040(4) 	---- -0.005(3) - 	 - -0.008(3) - 	 - -- -0.005(3)---- 
 0.036(3) 0.045(4) 0.051(4) -0.001(3) 0.001(3) -0.004(3). 
 0.040(3) 0.043(4) 0.042(3) -0.003(3) 0.002(3) -0.003(3) 
 0.041(3) 0.035(3) 0.030(3) -0.0026(25) 0.003(3) -0.005(3) 
 0.046(3) 0.044(4) 0.049(4) -0.005(3) -0.005(3) 0.008(3) 
 0.040(3) 0.042(4) 0.040(3) 0.000(3) 0.000(3) 0.002(3) 
 0.051(4) 0.053(4) 0.043(4) -0.008(3) -0.010(3) 0.009(3) 
 0.064(5) 0.044(4) 0.065(5) -0.008(3) -0.015(4) 0.016(3) 
 0.045(4) 0.040(4) 0.046(4) -0.002(3) 0.004(3) 0.006(3) 
 0.044(3) 0.037(3) 0.039(3) -0.006(3) -0.006(3) 0.004(3) 
 0.045(3) 0.040(4) 0.026(3) -0.003(3) -0.001 (3) -0.002(3) 
 0.068(4) 0.048(4) 0.050(4) -0.007(3) 0.010(3) 0.006(3) 
 0.069(5) 0.071(5) 0.064(5) -0.012(4) -0.026(4) -0.008(4) 
 0.039(3) 0.032(3) 0.040(3) -0.0082(22) -0.0014(21) 0.0011(21) 
 0.044(3) 0.036(3) 0.052(3) -0.0093(24) 0.0029(24) 0.0015(23) 
0(1) 0.064(3) 0.037(3) 0.047(3) -0.0078(20) 0.0034(21) 0.0073(21) 
0(2) 0.0438(25) 0.050(3) 0.060(3) -0.0064(22). -0.0131(21) 0.0071(21) 
0(3) 0.057(3) 0.051(3) 0.0417(24) -0.0025(21) 0.0003(20) 0.0147(22) 
0(4) 0.049(3) 0.056(3) 0.046(3) 0.0036(21) -0.0128(21) 0.0034(21) 
C(1 1 ) 0.037(3) 0.043(4) 0.036(3) -0.006(3) -0.002(3) -0.009(3) 
 0.046(3) 0.037(4) 0.035(3) -0.003(3) 0.002(3) -0.006(3) 
 0.044(3) 0.037(4) 0.042(3) -0.011(3) 0.006(3) -0.003(3) 
C(4) 0.030(3) 0.052(4) 0.039(3) -0.004(3) 0.002(3) -0.005(3) 
C(5') . 	 0.046(3) 0.039(4) 0.037(3) 0.001(3) 0.000(3) -0.003(3) 
C(6) 0.045(3) 0.035(3) 0.034(3) -0.002(3) 0.001(3) -0.001(3) 
 0.047(3) 0.031(3) 0.038(3) 0.000(3) 0.007(3) 0.001(3) 
 0.038(3) 0.038(4) 0.044(3) -0.004(3) 0.005(3) 0.002(3) 
 0.068(4) 0.039(4) 0.035(3) 0.005(3) 0.006(3) 0.007(3) 
 0.062(4) 0.053(4) 0.045(4) 0.004(3) 0.008(3) 0.015(3) 
 - 	 0.051(4) 0.044(4) 0.050(4) 0.002(3) 0.013(3) 0.011(3) 
 . 0.079(5) 0.035(4) 0.043(4) 0.003(3) 0.006(3) -0.008(3) 
 0.060(4) 0.045(4) 0.044(4) -0.001(3) 0.013(3) -0.006(3) 
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ç(14') 0.044(3) 0.044(4) 0.043(4) -0.003(3) 0.000(3) -0.003(3) 
 0.067(5) 0.041(4) 0.058(4) -0.009(3) 0.005(4) 0.007(3) 
 0.076(5) 0.041(4) 0.045(4) -0.009(3) 0.006(4) -0.001(3) 
 0.083(5) 0.049(4) 0.053(5) -0.010(3) 0.003(4) -0.001(4) 
 0.083(6) 0.054(5) 0.067(5) -0.017(4) -0.006(4) -0.015(4) 
 0.055(4) 0.050(4) 0.046(4) -0.001(3) 0.011(3) -0.003(3) 
 0.038(3) 0.052(4) 0.049(4) -0.010(3) -0.002(3) -0.001(3) 
 0.037(3) 0.041(4) 0.041(3) 0.000(3) 0.005(3) 0.004(3) 
 0.064(5) 0.047(4) 0.066(5) -0.008(4) 0.006(4) 0.008(4) 
 0.074(5) 0.050(5) 0.073(5) 0.004(4) -0.028(4) 0.003(4) 
 0.039(3) 0.035(3) 0.043(3) -0.0028(22) 0.0023(22) 0.0019(22) 
 0.069(4) 0.040(3) 0.043(3) -0.005(3) 0.003(3) 0.006(3) 
0(1 1 ) 0.046(3) 0.047(3) 0.060(3) -0.0049(22) 0.0036(21) 0.0060(21) 
0(27 0.073(3) 0.048(3) 0.054(3) -0.0117(22) 0.0001(24) -0.0056(23) 
0(3') 0.0423(23) 0.045(3) 0.050(3) -0.0097(20) 0.0007(20) 0.0004(20) 
0(4') 0.050(3) 0.052(3) 0.048(3) -0.0008(21) -0.0119(21) -0.0019(21) 
 0.040(4) 0.037(3) 0.068(5) 0.000(3) 0.008(3) -0.003(3) 
 0.056(4) 0.058(5) 0.055(5) 0.000(3) 0.001(4) -0.001(3) 
 0.064(5) 0.085(6) 0.070(5) 0.019(4) -0.007(4) -0.008(4) 
 0.055(5) 0.070(6) 0.109(8) 0.016(5) -0.012(5) 0.009(4) 
 0.047(4) 0.068(6) 0.105(7) 0.002(5) 0.004(4) 0.012(4) 
 0.043(4) 0.041(4) 0.075(5) -0.002(4) 0.013(3) -0.003(3) 
 0.057(4) 0.039(4) 0.058(4) -0.002(3) 0.014(3) -0.006(3) 
 0.040(3) 0.038(4) 0.055(4) 0.002(3) 0.003(3) 0.000(3) 
 0.049(4) 0.037(4) 0.056(4) 0.008(3) 0.005(3) 0.003(3) 
 0.037(3) 0.034(3) 0.049(4) 0.001(3) 0.007(3) 0.006(3) 
 0.049(4) 0.040(4) 0.039(4) 0.009(3) 0.004(3) 0.008(3) 
 0.043(4) 0.056(4) 0.064(5) 0.005(4) 0.016(3) 0.007(3) 
 0.061(5) 0.079(6) 0.078(5) -0.004(4) 0.022(4) 0.024(4) 
0(31) 0.087(3) 0.037(3) 0.051(3) 0.0115(22) -0.0135(24) -0.0067(23) 
0(32) 0.092(4) 0.054(3) 0.042(3) 0.0003(22) -0.0022(25) -0.011(3) 
0(33) 0.091(4) 0.099(4) 0.044(3) 0.016(3) 0.011(3) 0.029(3) 
 0.055(4) 0.061(4) 0.072(4) -0.009(3) 0.019(3) -0.006(3) 
 0.046(3) 0.047(3) 0.045(3) 0.0018(25) 0.0103(24) 0.0112(25) 
0(1W) 0.087(4) 0.054(4) 0.159(6) -0.015(4) -0.001(4) -0.007(3) 
0(2W) 0.053(3) 0.095(4) 0.087(4) 0.017(3) 0.011(3) 0.000(3) 
0(3W) 0.082(4) 0.088(4) 0.066(3) -0.001(3) -0.006(3) 0.043(3) 
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Table 7.1.1 Atomic coordinates with esds for 7.1 
x Y z ulso 
CO) 0.8280(4) 0.8970(5) 0.6006(4) 0.041(4) 
 0.8917(4) 0.9030(5) 0.6588(4) 0.043(4) 
 0.8796(4) 0.8896(5) 0.7516(4) 0.042(4) 
 0.8067(4) 0.8703(5) 0.7868(4) 0.045(4) 
 0.7458(4) 0.8654(5) 0.7280(4) 0.041(4) 
 0.7596(3) 0.8777(4) 0.6346(4) 0.037(3) 
 0.7013(3) 0.8864(5) 0.5601(4) 0.039(3) 
 0.7493(3) 0.8868(5) 	. 0.4715(4) 0.039(4) 
 0.6392(3) 0.8019(5) 0.5622(4) 0.043(4) 
 0.5914(3) 0.9695(5) 0.5103(5) 0.047(4) 
 0.6560(3) 0.9865(5) 0.5706(4) 0.045(4) 
 0.6584(4) 0.7001(5) 0.5116(4) 0.048(4) 
 0.6798(3) 0.7284(5) 0.4123(4) 0.040(4) 
 0.7537(4) 0.7845(5) 0.4168(4) 0.045(4) 
 0.5497(4) 0.8066(6) 0.4293(5) 0.055(4) 
 0.61 79(4) 0.7921(5) 0.3695(5) 0.046(4) 
 0.6223(4) 0.8361(5) 0.2861(5) 0.051(4) 
 0.6900(4) 0.8285(6) 0.2262(5) 0.060(5) 
 0.7946(4) 0.8116(6) 0.3265(5) 0.052(4) 
 0.8661(4) 0.8698(6) 0.3486(5) 0.056(5) 
 0.8851(4) 0.8956(5) 0.4452(5) 0.049(4) 
 1.0076(4) 0.9105(7) 0.7873(6) 0.075(6) 
 0.7338(4) 0.8301(5) 0.9172(4) 0.056(4) 
• N(1) 0.8269(3) 0.9092(4) 0.5048(3) 0.040(3) 
N(2) 0.5734(3) 0.8552(4) 0.5186(3) 0.047(3) 
0(1) 0.94915(24) 0.9022(4) 0.4721(3) 0.058(3) 
0(2) 0.75365(25) 0.8767(4) 0.2668(3) 0.052(3) 
0(3) 0.93364(24) 0.8936(4) 0.8169(3) 0.052(3) 
0(4) 0.80267(25) 0.8588(4) 0.8812(3) 0.050(3) 
 0.2681(4) 1.0400(6) 1.3696(6) 0.069(5) 
 0.2858(5) 1.0592(8) 1.4573(7) 0.095(7) 
 0.3360(5) 0.9913(11) 1.4999(6) 0.105(8) 
 0.3651(4) 0.9109(9) 1.4554(6) 0.082(6) 
 0.3461(4) 0.8909(6) 1.3666(5) 0.058(4) 
0.2977(3) 	....... 0.9560(5)- 	• 	• - 	1.3233(4) 	. 0.046(4) 
 0.2708(4) 0.9342(6) 1.2265(5) 0.069(5) 
 0.3734(4) 0.9089(6) 1.1275(5) 0.058(5) 
 0.4697(4) 0.8612(7) 1.0178(5) 0.070(5) 
 0.5299(5) 0.7796(9) 1.0173(8) 0.105(8) 
 0.4318(4) 0.8650(7) 0.9214(5) 0.066(5) 
 0.4370(4), 0.9537(6) 	• 0.7755(5) 0.062(5) 
C( 13') 0.4382(5) 1.0683(7) 0.7440(6) 0.086(6) 
C(14') 0.4929(4) 0.8927(6) 0.7182(5) 0.057(5) 
 0.4153(4) 0.8345(5) 1.0864(4) 0.077(5) 
 0.4515(3) 0.9470(5) 0.8714(4) 0.063(4) 
0(1 1 ) 0.3192(3) 0.8663(4) 1.1766(4) 0.076(3) 
0(2') 0.3862(3) 1.0006(4) 1.1229(4) 0.077(4) 
0(3') 0.3896(4) 0.7970(5) 0.8956(5) 0.107(5) 
0(4') 0.5545(3) 0.8760(5) 0.7480(3) 0.080(4) 
0(5 1 ) 0.46920(25) 0.8646(5) 0.6392(3) 0.071(3) 
(-1(21) 0.9466 0.9174 0.6315 0.0600 
H(51) 0.6901 0.8525 0.7537 0.0600 
(-((81) 0.7241 0.9424 0.4251 0.0600 
(-1(91) 0.6294 0.7761 0.6318 0.0600 
(1(1 01) 0.5448 1.0166 0.5326 0.0600 
(1(102) 0.6051 0.9890 0.4402 0.0600 
H(111) 0.6877 1.0538 0.5486 0.0600 
(1(1 12) 0.6386 0.9972 0.6410 0.0600 
(-((121) 0.7046 0.6618 0.5452 0.0600 
(1(1 22) 0.6108 0.6484 0.5115 0.0600 
(-1(131) 0.6864 0.6606 0.3687 0.0600 
(1(1 41) 0.7862 0.7240 0.4497 0.0600 
(1(1 51) 0.5241 0.7315 0.4422 0.0600 
H(152) 0.5105 0.8573 0.3951 0.0600 
(1(171) 0.5748 0.8791 0.2607 0.0600 
(1(181) 0.6784 0.8666 0.1615 0.0600 
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11(182) 0.7021 0.7467 0.2143 0.0600 
H(191) 0.8039 0.7376 0.2926 0.0600 
H(201) 0.8640 0.9431 0.3117 0.0600 
11(202) 0.9112 0.8226 0.3223 0.0600 
H(221) 1.0442 0.9118 0.8461 0.0600 
1-1(222) 1.0110 0.9845 0.7516 0.0600 
1-1(223) 1.0240 0.8481 0.7416 0.0600 
1-4(231) 0.7379 0.8237 0.9910 0.0600 
11(232) 0.7171 0.7555 0.8888. 0.0600 
11(233) - 	 0.6929 0.8888 0.8997 0.0600 
H(2N) 0.5253 0.8450 0.5621 0.0600 
11(11') 0.2298 1.0916 1.3346 0.0600 
11(21') 0.2620 1.1247 1.4939 0.0600 
H(31') 0.3515 1.0047 1.5706 0.0600 
11(41') 0.4043 0.8604 1.4899 0.0600 
11(51') 0.3693 0.8242 1.3310 0.0600 
11(71') 0.2667 1.0077 1.1901 0.0600 
11(72') 0.2165 0.8982 1.2303 0.0600 
H(91') 0.4934 0.9370 1.0333 0.0600 
11(401) 0.5709 0.7993 0.9658 0.0600 
11(402) 0.5059 0.7041 1.0016 0.0600 
H(403) 0.5561 0.7767 1.0839 0.0600 
H(12') 0.3826 0.9196 0.7652 0.0600 
1-4(404) 0.4271 1.0721 0.6712 0.0600 
H(405) 0.4923 1.1017 0.7579 0.0600 
14(406) 0.3961 1.1120 0.7806 0.0600 
I-4(1 N') 0.4079 0.7535 1.1055 0.0600 
H(2N') 0.4796 1.0114 0.9047 0.0600 
Table 7.1.2 	Anisotropic thermal parameters in A 2 
U 11 U 2 2 U 33 U23 U 1 3 U12 
C(i) 0.051(4) 0.030(3) 0.043(4) -0.003(3) 0.005(3) 0.005(3) 
 0.044(4) 0.039(4) 0.047(4) -0.008(3) 0.002(3) -0.005(3) 
 0.047(4) 0.042(4) 0.036(4) -0.008(3) 0.003(3) -0.001(3) 
 0.065(5) 0.029(3) 0.040(4) 0.002(3) 0.007(4) -0.002(3) 
 0.038(4) 0.044(4) 0.041(4) -0.005(3) -0.004(3) -0.003(3) 
- 	
- 	 C(6) - 	 0.042(4) 	- --0.033(3)---- 0.036(4) -0.001(3)---  -0.002(3) - - 	 -0.003(3) 	--- - 
 0.041(3) 0.041(4) 0.035(3) -0.005(3) 0.003(3) -0.003(3) 
 0.038(4) 0.043(4) 0.036(3) 0.002(3) 0.004(3) 0.004(3) 
 0.035(3) 0.060(4) 0.034(4) 0.007(3) -0.002(3) -0.001(3) 
C(i0) 0.049(4) 0.049(4) 0.043(4) 0.004(3) 0.005(3) 0.009(3) 
Cli1) 0.049(4) 0.043(4) 0.041(4) 0.003(3) 0.005(3) 0.006(3) 
 0.066(4) 0.038(4) 0.040(4) 0.004(3) 0.000(3) -0.007(3) 
 0.040(4) 0.037(3) 0.042(4) -0.002(3) -0.005(3) . 	 -0.001(3) 
 0.057(4) 0.036(4) 0.042(4) 0.000(3) 0.006(3) 0.005(3) 
 0.043(4) 0.073(5) 0.049(4) -0.001(4) 0.001(4) -0.003(4) 
 0.053(4) 0.046(4) 0.040(4) -0.003(3) -0.001(3) -0.015(3) 
 0.054(4) 0.054(4) 0.044(4) -0.008(4) -0.003(3) 0.002(4) 
 0.074(5) 0.068(5) 0.036(4) -0.004(4) -0.007(4) 0.007(4) 
C(i9) 0.059(4) 0.048(4) 0.050(4) -0.014(4) 0.009(4) 0.009(4) 
 0.057(4) 0.063(5) 0.047(4) -0.004(4) 0.011(3) -0.001(4) 
 0.053(4) 0.045(4) 0.049(4) 0.009(4) 0.006(4) -0.007(4) 
 0.078(6) 0.087(6) 0.060(5) -0.010(5) -0.012(5) -0.004(5) 
 0.071(5) 0.059(5) 0.038(4) -0.004(4) 0.021(4) -0.022(4) 
 0.042(3) 0.041(3) 0.037(3) 0.0041(24) -0.001(3) -0.0066(25) 
 0.048(3) 0.060(4) 0.035(3) 0.002(3) -0.002(3) -0.002(3) 
0(1) 0.037(3) 0.081(3) 0.054(3) 0.004(3) 0.0053(23) -0.014(3) 
0(2) 0.056(3) 0.058(3) 0.043(3) 0.0096(24) 0.0012(23) 0.007(3) 
0(3) 0.042(3) 0.075(3) 0.0402(25) -0.0099(25) -0.0018(23) -0.0052(25) 
0(4) 0.060(3) 0.057(3) 0.034(3) -0.0067(22) 0.0005(23) -0.0060(25) 
C0 1 ) 0.070(5) 0.057(5) 0.081(6) -0.008(5) 0.015(5) 0.006(4) 
 0.101(7) 0.104(7) 0.081(7) -0.044(6) 0.015(6) -0.011(6) 
 0.087(7) 0.183(12) 0.046(5) -0.026(7) -0.001(5) -0.045(8) 
 0.051(4) 0.128(8) 0.066(6) 0.010(6) 0.003(4) -0.014(5) 
C(5 1 ) 0.051(4) 0.067(5) 0.056(5) 0.013(4) 0.003(4) -0.009(4) 
C(6 1 ) 0.044(4) 0.051(4) 0.044(4) -0.002(3) 0.004(3) -0.010(3) 
C(7') 0.074(5) 0.068(5) 0.065(5) 0.004(4) 0.001(4) -0.001(4) 
C(8 1 ) 0.076(5) 0.052(5) 0.047(4) 0.006(4) 0.000(4) -0.011(4) 
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C(9 1 ) 0.070(5) 0.074(5) 0.068(5) -0.009(4) 0.023(4) -0.016(5) 
 0.083(6) 0.138(9) 0.095(7) 0.017(7) 0.005(5) 0.010(7) 
 0.069(5) 0.074(5) 0.054(5) -0.011(5) 0.011(4) -0.017(5) 
 0.050(4) 0.094(6) 0.040(4) -0.013(4) -0.001(3) -0.009(4) 
 0.094(6) 0.089(7) 0.074(6) -0.006(5) -0.016(5) 0.011(5) 
 0.046(4) 0.084(5) 0.042(4) -0.002(4) 0.001(4) -0.010(4) 
 0.099(5) 0.058(4) 0.075(5) -0.009(4) 0.022(4) -0.022(4) 
 0.060(4) 0.085(5) 0.044(4) -0.013(3) -0.003(3) -0.020(3) 
0(1 1 ) 0.104(4) 0.064(3) 0.059(3) -0.016(3) 0.025(3) -0.019(3) 
0(2') 0.092(4) 0.047(3) 0.091(4) 0.011(3) 0.007(3) -0.002(3) 
0(3') 0.118(5) 0.094(5) 0.109(5) -0.007(4) -0.024(4) -0.052(4) 
0(4') 0.057(3) 0.125(5) 0.057(3) -0.013(3) -0.001(3) 0.016(3) 
0(5') 0.06213) 0.108(4) - 0.044(3) - -0.014(3) 0.0060(24) -0.011(3) 
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Table 7.2.1 Atomic coordinates with esds for 7.2 
x Y z ulso 
 0.5958(4) 0.2459(4) -0.1090(6) 0.034(4) 
 0.5890(4) 0.2208(3) 0.0147(6) 0.036(4) 
 0.6384(4) 0.2495(4) 0.1016(7) 0.037(4) 
 0.6915(4) 0.3013(4) 0.0684(6) 0.036(5) 
 0.7004(4) 0.3225(4) -0.0566(6) 0.038(5) 
 0.6505(4) 0.2934(4) -0.1429(5) 0.032(4) 
 0.6502(4) 0.3037(4) -0.2845(6) 0.034(4) 
 0.5700(3) 0.2731(4) -0.3212(6) 0.032(4) 
 0.6654(4) 0.3798(4) -0.3324(6) 0.037(4) 
 0.7149(4) 0.2909(4) -0.4811(6) 0.047(5) 
 0.7139(4) 0.2604(4) -0.3489(6) 0.038(4) 
C( 12) 0.5962(4) 0.4288(4) -0.3354(7) 0.041(4) 
 0.5337(4) 0.3937(4) -0.4138(6) 0.038(4) 
 0.5058(4) 0.3276(4) -0.3407(6) 0.032(4) 
 0.6455(4) 0.3977(4) -0.5665(6) 0.045(5) 
C( 16) 0.5644(4) 0.3752(4) -0.5426(7) 0.039(5) 
 0.5244(4) 0.3425(4) -0.6276(7) 0.046(5) 
 0.4445(4) 0.3167(4) -0.6072(7) 0.056(5) 
 0.4368(4) 0.2865(4) -0.3904(7) 0.043(5) 
 0.4215(4) 0.2196(4) -0.3084(7) 0.051(5) 
 0.4734(4) 0.2074(4) -0.1976(8) 0.047(5) 
 0.5790(4) 0.1804(4) 0.2620(6) 0.057(5) 
 0.7740(5) 0.3952(5) 0.1419(8) 0.053(6) 
 0.5468(3) 0.2286(3) -0.2119(5) 0.036(3) 
 0.6973(3) 0.3695(3) -0.4648(5) 0.041(4) 
0(1) 0.4501(3) 0.1769(3) -0.1046(5) 0.056(4)' 
0(2) 0.44327(25) 0.2605(3) -0.5142(4) 0.050(3) 
0(3) 0.6374(3) 0.23120(25) 0.2256(4) 0.048(3) 
0(4) 0.7343(3) 0.3293(3) 0.1656(4) 0.051(3) 
COI) 0.4595(5) 0.3734(4) 0.0488(7) 0.056(5) 
 0.3904(6) 0.3382(5) 0.0377(7) 0.064(6) 
 0.3281(5) 0.3632(6) 0.0996(9) 0.072(7) 
 0.3330(5) 0.4228(5) 0.1732(8) 0.065(6) 
 0.4020(4) 0.4575(4) 0.1862(7) 0.051(5) 
- 	0.4655(4) 0.4336(4) 0.1239(6) 0.041(5) 	- - 
C(7') 0.5428(4) 0.4691(4) 0.1411(6) 0.050(5) 
c(8 1 ) 0.5496(4) 0.5431(4) 0.0752(6) 0.041(5) 
C(9 1 ) 0.6291(4) 0.5721(4) 0.0936(8) 0.055(6) 
C(10') 0.4677(4) 0.5590(4) -0.1115(6) 0.038(5) 
CO 1 1 ) 0.4065(4) 0.5609(4) -0.3123(7) 0.049(5) 
c(1 2') 0.3546(4) 0.4985(4) -0.3333(6) 0.036(4) 
C( 13') 0.3320(4) 0.4525(4) -0.2374(7) 0.050(5) 
 0.2796(4) 0.3978(4) -0.2612(8) 0.065(6) 
 0.2485(4) 0.3903(5) -0.3790(9) 0.067(6) 
C(16 1 ) 0.2721(5) 0.4359(5) -0.4732(8) 0.063(6) 
C(1 T) 0.3247(4) 0.4883(4) -0.4529(7) 0.055(5) 
N(1') 0.5325(3) 0.5366(3) -0.0572(5) 0.038(3) 
0(1 1 ) 0.6466(3) 0.5969(3) 0.1975(5) 0.082(4) 
0(2') 0.6748(3) 0.5649(3) 0.0036(5) 0.063(4) 
0(3') 0.41 55(3) 0.5903(3) -0.0618(4) 0.055(3) 
0(4') 0.47078(24) 0.5407(3) -0.2343(4) 0.047(3) 
0(1W) 0.4375(4) 0.0705(3) 0.0842(6) 0.096(5) 
H(2) 0.5472 0.1812 0.0402 0.0600 
H(5) 0.7440 0.3600 -0.0840 0.0600 
 0.5766 0.2464 -0.4099 0.0600 
 0.7038 0.4064 -0.2689 0.0600 
 0.6722 0.2654 -0.5383 0.0600 
 0.7702 0.2838 -0.5232 0.0600 
 0.7005 0.2041 -0.3498 0.0600 
 0.7678 0.2686 -0.3030 0.0600 
H(121) 0.5757 0.4374 -0.2417 0.0600 
-4(122) 0.6118 0.4794 -0.3764 0.0600 
- H(13) 0.4863 0.4292 -0.4292 0.0600 
H(14) 0.4868 0.3525 -0.2554 0.0600 
4-4(151) 0.6637 0.3767 -0.6554 0.0600 
4-1(152) 0.6486 0.4553 -0.5682 0.0600 
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H(17) 0.5501 0.3336 -0.7177 0.0600 
-4(181) 0.4221 0.2963 -0.6939 0.0600 
4-4(182) 0.4097 0.3607 -0.5757 0.0600 
11(1 9) 0.3918 0.3257 -0.3881 0.0600 
11(201) 0.4259 0.1733 -0.3680 0.0600 
11(202) 0.3641 0.2239 -0.2733 0.0600 
H(221) 0.5834 0.1699 0.3607 0.0600 
11(222) 0.5866 0.1313 0.2108 0.0600 
4-1(223) 0.5237 0.2024 0.2415 0.0600 
4-4(231) 0.8192 0.3862 0.0830 0.0600 
11(232) 0.8003 0.3981 0.2142 0.0600 
11(233) 0.7349 0.4336 0.0925 0.0600 
H(2N) 0.7483 0.4011 -0.4747 0.0600 
11(31) 0.5088 0.3539 -0.0007 0.0600 
4-4(32) 0.3860 0.2911 -0.0199 0.0600 
11(33) 0.2744 0.3357 0.0903 0.0600 
 0.2832 0.4426 0.2210 0.0600 
 0.4061 0.5039 0.2457 0.0600 
11(371) 0.5525 0.4766 0.2397 0.0600 
11(372) 0.5859 0.4341 0.1035 0.0600 
H(38) 0.5089 0.5795 0.1159 0.0600 
H(41 1) 0.3752 0.6031 -0.2667 0.0600 
11(412) 0.4274 0.5797 -0.4011 0.0600 
11(43) 0.3550 0.4591 -0.1448 0.0600 
11(44) 0.2634 0.3616 -0.1875 0.0600 
 0.2066 0.3494 -0.3973 0.0600 
 0.2482 0.4299 -0.5653 0.0600 
11(47) 0.3432 0.5219 -0.5291 0.0600 
H(1 N') 0.5749 0.5120 -0.1160 0.0600 
H(1 W). 0.3831 0.0766 0.0432 0.0600 
H(2W) 0.4908 0.0694 0.1303 0.0600 
Table 7.2.2 	Anisotropic thermal parameters in A 2 
U11 U22 U33 U23 U13 U12 
 0.033(4) 0.029(4) 0.039(4) 0.004(4) -0.005(4) -0.006(4) 
 0.041(4) 0.023(4) 0.043(5) 0.010(4) 0.001(4) 0.004(4) 
 0.025(4) 0.041(5) 0.046(5) 0.005(4) 	. - - 0.007(4) 0.003(4) 
 0.026(4) 0.043(5) 0.038(5) 0.005(4) -0.003(4) -0.002(4) 
 0.034(4) 0.045(5) 0.035(4) 0.003(4) 0.001(4) -0.006(4) 
 0.039(4) 0.030(4) 0.028(4) 0.002(3) 0.014(4) 0.003(4) 
 0.035(4) 0.028(4) 0.038(4) 0.006(3) 0.002(4) 0.007(4) 
 0.032(4) 0.034(4) 0.032(4) 0.011(4) 0.002(3) -0.003(4) 
 0.043(4) 0.034(5) 0.032(4) -0.002(4) 0.009(4) 0.004(4) 
 0.043(5) 0.050(5) 0.047(5) -0.013(4) 0.012(4) 0.002(4) 
 0.035(4) 0.044(5) 0.036(4) 0.008(4) 0.003(4) 0.001(4) 
 0.046(5) 0.029(4) 0.046(5) 0.004(4) 0.005(4) 0.003(4) 
 0.038(4) 0.033(4) 0.044(5) 0.010(4) 0.014(4) 0.011(4) 
 0.031(4) 0.034(4) 0.030(4) 0.002(4) 0.004(3) 0.011(4) 
 0.045(5) 0.043(5) 0.046(5) 0.013(4) 0.001(4) -0.001(4) 
 0.041(5) 0.034(5) 0.042(5) 0.020(4) 0.000(4) 0.000(4) 
 0.039(5) 0.055(5) 0.044(5) 0.007(4) -0.001(4) 0.005(4) 
 0.065(6) 0.058(6) 0.044(5) 0.018(4) -0.003(4) 0.015(5) 
 0.037(5) 0.033(4) 0.058(5) 0.001(4) 0.001(4) 0.003(4) 
 0.036(4) 0.057(5) 0.061(5) 0.011(5) -0.008(4) -0.010(4) 
 0.033(5) 0.039(5) 0.068(6) -0.001(5) 0.005(4) -0.015(4) 
 0.065(6) 0.059(6) 0.048(5) 0.01 6(4) 0.004(4) -0.017(5) 
 0.046(6) 0.071(7) 0.043(5) 0.010(5) -0.010(4) 0.002(5) 
 0.033(3) 0.033(4) 0.042(3) 0.002(3) -0.002(3) -0.002(3) 
 0.038(4) 0.044(4) 0.042(4) 0.000(3) 0.008(3) 0.003(3) 
0(1) 0.041(3) 0.068(4) 0.058(3) 0.027(3) 0.008(3) -0.014(3) 
0(2) 0.055(3) 0.055(3) 0.040(3) -0.009(3) -0.009(3) 0.002(3) 
0(3) 0.056(3) 0.053(4) 0.035(3) 0.01 5(3) -0.005(3) -0.002(3) 
0(4) 0.050(3) 0.056(4) 0.048(3) 0.005(3) -0.012(3) -0.017(3) 
C(1 1 ) 0.056(5) 0.060(6) 0.051(5) -0.005(5) 0.003(4) 0.007(5) 
 0.088(7) 0.061(6) 0.044(5) -0.011(4) -0.012(5) - 	 0.000(6) 
 0.069(7) 0.081(7) 0.066(6) 	. 0.024(6) -0.012(5) -0.015(6) 
 0.047(6) 0.076(7) 0.072(6) 0.019(6) 0.011(5) 0.014(5) 
 0.053(5) 0.047(5) 0.053(5) -0.003(4) 0.000(4) 0.014(5) 
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•C(6') 0.041(5) 0.040(5) 0.043(4) 0.001(4) -0.008(4) 0.004(4) 
C(7) 0.046(5) 0.052(5) 0.051(5) 0.010(4) -0.005(4) -0.009(4) 
C(8') 0.034(4) 0.055(5) 0.034(4) -0.003(4) -0.006(3) -0.002(4) 
C(9) 0.041(5) 0.058(5) 0.065(6) -0.011(5) 	- -0.01 6(5) 0.002(5) 
C(10') 0.044(5) 0.044(5) 0.026(4) -0.001(4) 0.001(4) -0.010(4) 
CO 1 1 ) 0.046(5) 0.044(5) 0.057(5) 0.010(4) -0.017(4) -0.006(4) 
 0.028(4) 0.045(5) 0.036(4) -0.003(4) 0.001(4) 0.012(4) 
 0.058(5) 0.050(5) 0.042(4) -0.001(4) 0.001(4) 0.005(5) 
 0.055(5) 0.059(6) 0.082(7) -0.009(5) 0.014(5) -0.016(5) 
 0.050(6) 0.059(6) 0.092(7) -0.026(6) -0.005(6) -0.003(5) 
 0.058(6) 0.077(7) 0.055(6) -0.020(5) -0.001(5) 0.005(5) 
 0.045(5) 0.065(6) 0.054(5) -0.004(5) -0.007(4) -0.001(5) 
N(1) 0.033(3) 0.048(4) 0.032(3) -0.010(3) -0.005(3) 0.003(3) 
0( 1 ) 0.068(4) 0.115(5) 0.062(4) -0.029(4) -0.001(3) -0.028(4) 
0(21 0.040(3) 0.083(4) 0.065(4) -0.024(3) 0.009(3) -0.010(3) 
0(3') 0.036(3) 0.078(4) 0.051(3) -0.011(3) 0.007(3) 0.015(3) 
O(4) 0.041(3) 0.063(3) 0.036(3) -0.009(3) -0.0050(25) 0.004(3) 
0(1W) 0.116(6) 0.087(5) 0.086(5) 0.020(4) -0.012(4) 0.002(5) 
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